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EDITORIAL NOTES 


To justify burdening the scientific world with yet another journal, two 
conditions must be rigorously fulfilled: undoubted utility and the utmost 
brevity. It is thought that the purpose and presentation of this Quarterly 
meet these demands. 

The main purpose of the Operational Research Quarterly is to 
assemble in one place as much as possible of the information that opera- 
tional research workers now find (or fail to find) scattered widely over 
the very large body of scientific and technical literature. The method 
is to provide a quarterly collection of abstracts of relevant papers and 
articles, taken from as wide a field as possible. 


By themselves, such abstracts cannot give the reader much informa- 
tion, but they can give him access to the original sources. Operational 
research shares with other branches of science the fundamental experience 
in development, in that one branch benefits from other branches’ 
advances in knowledge and technique. Studies in social science, for 
example, can be helped by knowledge of the operation of a transport 
system, and the sampling problems in market research, productivity 
studies, education, etc., have common features. This fact is the justification 
for the present publication. 

In this first issue the general character of the abstracts is inevitably 
historical. The late Sir Robert Pickard’s paper on ‘‘The Application of 
Statistical Methods to Production and Research in Industry,” for example, 
was published in 1934, and is widely accepted as one of the first papers 
on the subject. W. F. Adams’ important contribution to the study of 
road traffic was published in 1937, Professor Blackett’s ‘“‘Operational 
Research’”’ was partly written in 1941 and partly in 1943. Clearly no 
collection of abstracts concerned with operational research would be 
complete without a foundation of these contributions and many others. 
The whole back-log of papers cannot, in fact, be covered in our first 
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issue, and in the first few “‘Quarterlies” there is likely to be a considerable 
scatter in the dates of papers. 


The Quarterly will also provide an opportunity for the publication 
in each issue of an original and authoritative article on some aspect of 
operational research, of which Professor P. M. S. Blackett has contri- 
buted the first. Reviews of work in particular fields will be appropriate 
forms for such articles to take, and possible subjects include measure- 
ment of public opinion, flow of road traffic, accidents, organisation of 
maintenance, and the application of physical laws to social problems. 
There are many other subjects that it would be profitable to explore. 


The editors will welcome contributions of this sort from readers. 
It is hoped that the Quarterly will thus aid the Operational Research 
Club and the other bodies that provide a forum for critical discussion, 
such as is necessary in all fields of pure and applied science. But it is 
felt that, in general, papers containing the detailed results of operational 
research in a particular field, as distinct from the review articles just 
described, should be published in. the periodicals already established in 
that field. 


‘The general scope of this Quarterly is dependent on the definition 
given to operational research, and this is a question which has exercised 
the authors of several of the papers here abstracted, notably Sir Robert 
Watson-Watt, Charles Kittel, L. H. C. Tippett and Sir Charles Goodeve. 
Without being committed to a particular definition, it is felt that the 
Quarterly may usefully regard as within its field the application of the 
scientific method to the provision of bases for executive action, in par- 


ticular when the behaviour of people, either by themselves or in relation 
to their environment and equipment, is involved. It is possible that the 
Quarterly’s scope will become more precisely defined as experience is 
gained. 

Within the broad subject thus outlined there would appear to be 
four main headings under which operational research work might be 
conveniently grouped. 

The first heading would cover studies of human behaviour by itself. 
For example, Henry Durant’s paper on “‘Polls and Prophecies’ describes 
the application of the scientific method to social problems; ‘‘social science”’ 
in the strictest sense. Operational research applied in the field of econ- 
omics is conveniently included in this group, which possibly offers the 
most important scope for future development. 

**Man and his Machines” might be the heading for the second group. 
A good example is L. H. C. Tippett’s “Study of Industrial Efficiency 
with special regard to the Cotton Industry’’, where it is made possible 
for executive decisions on this subject to be rationally based on statistical 
analysis of the behaviour of the men, machines and environment concerned. 
This large group covers the majority of the application of operational 
research in industry, and much of the military field. 

Many operational research studies are conveniently grouped under 
the heading “‘Traffic and Flow.”” W. F. Adams’ paper is an early example, 
and E. L. Diamond and A. M. Frankau on “Present Methods of Open 
Hearth Furnace Charging” is a moye recent one. 

(Continued at foot of page 3) 
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OPERATIONAL RESEARCH 
by Professor P. M. S. BLACKETT, F.R.s 


THE main outlines of the growth of operational research in the armed 
services during the second world war have been described in numerous 
articles and books and are certainly sufficiently well known not to need 
repetition here. As to the actual practical results attained since the war 
by application of these methods to the great task of increasing the effici- 
ency of our social system and the well-being of our population, many 
readers of the timely new venture, ‘“‘Operational Research Quarterly’’, will 
know more than I, for the readers will include, I hope, all those in Great 
Britain who are actually engaged in this work as well as those abroad. 
Leaving aside, therefore, both its history and its present achievements, 
I wish to-touch on some points relating to its methodology and its organisa- 
tion. 


It will be convenient to begin with three questions which could be 
asked, and certainly often have been asked, about operational research. 
Is it new ? If so, in what way ? Is it scientific ? 


Referring to the last question first, many attempts have been made 
to define operational research and nearly all include some such phrase 
as “‘the application of scientific method”. The answer to the last question 
must therefore be “yes” by definition. It is as well, however, to consider 
briefly what is meant by scientific method. A broad but eminently 
reasonable view is that scientific method consists of a systematic method 
of learning by experience (Jeffreys). In more detail, scientific method may 
be defined as that combination of observation, experiment and reasoning 
(both deductive and inductive) which scientists are in the habit of using 
in their scientific investigations (Yates). The latter definition is still very 
general but it does bring out the two essential processes of a scientific 
investigation, namely: (1) observation which may in itself be something 
quite simple or a very complicated survey and may or may not be sup- 
ported by special experiment, but which must be so carried out that it 


(Continued from page 2) 


The fourth group covers, besides ‘“‘general’’ papers that do not con- 
veniently fall into any of the other sections, those concerned with the 
organisation and purposes of operational research itself. W. J. Hor- 
vath’s paper “‘Operations Research”’ is an example. 


It is not, however, intended that abstracts shall be divided or classi- 
fied under those four headings, which are only a ron gh guide to the scope 
of the subject matter. 


Editorial responsibility lies with the joint editors producing the 
bulletin for the Operational Research Club. But it will be seen from the 
list of editorial advisers that the editors are fortunate in being able to 
rely for counsel and help on distinguished figures in many fields of opera- 
tional research. The editors will also greatly welcome criticism from 
readers, and particularly suggestions of suitable papers for abstracting, 
or any ideas directed towards increasing the Quarterly’s usefulness. 
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provides reliable information on the material observed; and (2) reasoning 
which may often take one of the forms of numerical deduction and in- 
duction covered by the term statistical analysis. It may be noted that it 
is the use of appropriate and precise methods of observation and reasoning 
which make an investigation scientific. The fact that the initial material 
is scanty, as may sometimes be the case in operational research, does not 
of itself render an investigation unscientific, although no amount of 
scientific method can get more out of data than there is in them and one 
of the initial approaches to any problem must be to examine the material, 
consider what conclusions can be drawn from it and decide what further 
information is required and how it can be obtained. 

Now there can be no doubt that scientific method has often in the 
past been applied to the complex phenomena of human life and organisa- 
tion. The abundant literature of applied economics and the social 
services generally, is evidence enough of this. 


Most larger firms and many industrial consultants have special 
staffs which are concerned with many kinds of statistical analysis. Costing 
analysis, market research and various kinds of efficiency surveys are 
examples of work commonly undertaken. Similar activities are carried 
out by research associations, by other co-operative organisations and 
by independent institutes such as the National Institute of Economic and 
Social Research, P.E.P., and the research organisations of the political 
parties. Particularly during the war, government departments were 
forced to bring into being teams of specialised analysts, not only to advise 
on policy relating to particular aspects of the national economy, food, 
fuel, manpower, raw materials, etc., but also to plan in some measure 
the overall economic policies of the country. Then again, university 
schools of social science, particularly at the London School of Economics, 
have studied scientifically many aspects of our society. 


If, therefore, operational research is merely the scientific method 
applied to the complex data of human society, then, however useful it 
might be, it certainly is not new. 


I believe this conclusion to be over-simplified and that operational 
research, as developed during the war, and subsequently, has an appreci- 
able degree of novelty. In my view, the element of relative novelty lies 
not so much in the material to which the scientific method is applied as 
in the level at which the work is done, in the comparative freedom of 
the investigators to seek out their own problems, and in the direct relation 
of the work to the possibilities of executive action. Dr. Kittell’s well- 
known definition of operational research as ‘‘a scientific method for 
providing executives with a quantitative basis for decisions,’ expressed 
this clearly, or, as another writer has put it, operational research is social 
science done in collaboration with and on behalf of executives. 


In this sense Sir John Boyd Orr’s brilliant study, ‘‘Food, Health and 
Income”, was not operational research, as it was not done on behalf of 
any executive. However, like many other social studies, it was intended 
to lead to political action, and certainly did so, by its effect on the policy 
of the Ministry of Food during the war. 
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Let us consider what might actually happen if, for instance, some 
firm, research association or public body set up an operational research 
group, consisting of perhaps two or three operational researchers. Possibly 
the firm’s executives might have initially some specific problems in mind, 
on which profitable work could be started at once. It is, however, one 
of the clearest lessons of our war experience that the really big successes 
of operational research groups are often achieved by the discovery of 
problems which had not hitherto been recognised as significant. In fact 
the most fertile tasks are often found by the groups themselves rather than 
given to them. That this is so, is only to be expected, since any problem 
which is clearly recognised by the executives is likely, in an efficient 
organisation, to be already a matter of study. 


How should an operational research group set about looking for 
pregnant problems ? One method they must not adopt is blindly to 
make statistical analyses of all that is going on, in the hope that some of 
the statistics may somehow and sometime prove useful. Collection of 
statistics for the sake of statistics is no more operational research than 
collecting beetles is biology. 


Since the groups must generally, and even preferably, be small, it 
is essential that their work is canalised into those fields where results of 
interest to the executives are likely. Drawing again on war experience, 
one of the best methods of achieving this is to put the group in close 
personal centact with the executives and let them watch them at work— 
that is, let them watch the decisions being made and give them the right 
to ask such questions as, ‘““Why did you decide to do A rather than B?” 
or to intervene with the executives thus, ‘“‘Next month you will have to 
decide between course of action D, E. or F. You will probably have no 
firm data on which to choose and you will, in all probability, have to 
guess which course is best. We think that possibly we may be able to 
help you by analysing quantitatively the effects of these possible actions. 
But we must have access to all the available facts and have authority 
to go and collect those that are not available.” 


During the war operational research workers attended the regular 
staff meetings at many operational headquarters and so learned the type 
of problem facing the executive officers and the normal methods by which 
decisions were arrived at. In this way they were enabled to spot problems 
capable of being tackled scientifically, which had either not been consid- 
ered as relevant problems, or had been held to be too complex for scientific 
analysis. 


One example of this from the anti-submarine war may be quoted. 
The proof that large convoys were safer than small ones arose from an 
investigation into the protective value of convoy escorts. This analysis 
was undertaken as a result of an operational research worker being present 
at a meeting of the Anti-U-boat Committee at 10 Downing Street, 
when the problem arose as to how best to divide our limited ship-building 
resources between merchant ships and escort vessels. 


Though it is, in my view, essential for the greatest efficiency that 
senior operational research workers should be admitted to the executive 
levels as observers and potential critics, and, whenever possible, should 
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have close personal relationships with the executive—the situation during 
the war when they often shared the same mess was ideal—they should 
never, in general, have executive authority. If they had, they would 
soon get so involved in detail as to cease to be useful as research workers. 


Conversely, though the research workers should not have executive 
authority, they will certainly achieve more success if they act in relation 
to the conclusions of their analysis as if they had it. I mean by this that 
when an operational research worker comes to some conclusion that 
affects executive action, he should only recommend to the executives 
that the action should be taken if he himself is convinced that he would 
take the action, were he the executive authority. It is useless to bother 
a busy executive with a learned resume of all possible courses of action 
and with the conclusion that it is not possible to decide between them. 
Silence here is better than academic doubt. Research workers must also 
guard against the temptation to expect the executive machine to stop 
while they think. War, manufacture, trade, government business—all 
must go on, whether the research worker is there or not. 


It is not possible to lay down rigid rules about the qualifications 
required in an operational research worker. As has been said, operational 
research is scientific, and training in some scientific discipline may be 
regarded as essential, although it need not necessarily be in the exact 
sciences. The most important qualification is ability to take a broad view 
ofa problem, so that important factors will not be missed. Some know- 
ledge of statistical methods will be required, at least within an operational 
research group, even if not in every worker in the group. Specialist 
knowledge (technical, industrial, economic, or social) appropriate to the 
field of application is desirable, but is usually acquired on the job. A high 
degree of general intelligence and enthusiasm for the work are important. 
Above all, the right personality is vital, so that during an investigation the 
operational research worker can obtain the confidence of the men on the 
job, and at the end, can put his conclusions across to the executive. I want 
here to state specifically that I entirely repudiate the notion that operational 
research scientists are necessarily in any sense more intelligent or clever 
than the executives. They are usually not, but they are differently trained 
and are doing a different job. 


The last point I want to touch on concerns the form and presentation 
of operational research reports. Since these are essentially meant to 
achieve executive action, they must appear convincing to the executive 
personnel. It is unlikely that this will be achieved unless the writer of 
such a report is intimately familiar with the methods of thought of execu- 
tives. To convince an executive that some new course of action is to be 
preferred to some old one, it is essential to understand why the old one 
was adopted. Often this can only be found out through close contact 
between the scientists and the executives. 





ABSTRACTS 


The Application of Statistical Methods to Production and Research in 
Industry. 
R. H. PicKArD (then Director, Brit. Cotton Industry Res. Asscn.), 


J. Royal Statistical Society 1, Supplement to No. 1. 1934. 


Dr. Pickard outlined some of the benefits to be gained by the use of 
statistical methods in industry, and discussed the selection and training 
of statisticians for industrial work. There is also a report of the dis- 
cussion which followed the reading of the paper. 

Specification of materials is not simply a matter of measuring certain 
characteristics, since almost every industrial material varies from speci- 
men to specimen and from batch to batch. To recognise this variation 
only by introducing safety factors may be wasteful; statistical sampling 
techniques should be used, and the cost of sampling to obtain a given 
accuracy must be determined so that the optimum method can be chesen. 

Quality control raises similar problems. The value of routine tests 
applied to the products and materials as they pass through the factory 
can be checked statistically, and more efficient methods may emerge. 
This is particularly important when the results of such tests are used to 
determine changes in the manufacturing procedure. An example of a 
factor which commonly affects the quality of materials or products in 
many industries is atmospheric humidity. The decision whether to 
control it at a particular level by installing expensive apparatus requires 
statistical analysis of the effects of changes in humidity. 

The application of statistical methods to problems of this type will 
generally give more efficient results than are obtained by traditional 
methods, but such work requires knowledge of the technicalities of the 
manufacturing process. Where possible it is well to base statistical work 
on the traditional measurements and tests, so as to gain whole-hearted 
acceptance of the results by the working personnel: this is essential if 
the results are to be of practical value, and the statistician must therefore 
be able to explain his discoveries in simple terms. 

Scientific experiments are continually necessary in industry, but to 
carry them out on a works scale often involves the complication of un- 
controllable variables. Statistical design on the lines developed for 
agricultural research can increase the effectiveness and reduce the effort 
of such experiments. Dr. Pickard quoted examples from the cotton 
industry and elsewhere, and he reiterated that the statistician must first 
be familiar with the technical factors of production before he can design 
the experiment. 

Besides the more mathematical statistical work, the industrial 
statistician can be of great value to the management by preparing opera- 
tional statistics in simple, often tabular, form. Examples of this occur 
in analyses of the duties of individual operatives, causes of stoppages, 
and so on. Scientific data may become in time the arbiter of industrial 
disputes. 

In choosing a man to apply statistical methods in industry, one can 
either have a technician trained in statistics, or bring in a statistician 
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who will have to learn a great deal about the industry. In the past the 
former method has been more general, but if there is wider publication, 
—especially in scientific journals,—of industrial applications, it is likely 
that more scientists with an industrial outlook may be trained to meet the 
needs of industry. 


Operational Research in War and Peace. 
Advancement of Science, 4. Jan. 1948. 


At the meeting of the British Association in Dundee in August, 1947, 
several scientists who were prominent in wartime research took part in 
a discussion on the possibility of applying to our peacetime problems 
techniques of operational research which were developed in the war. 

Sir Robert Watson-Watt broadly defined operational research as 
the application of scientific methods to the problems of attaining the 
maximum effect from available resources. For this, the operational 
research worker must have both technical knowledge of equipment and 
personal contact with those who useit. His object is to isolateand measure 
quantitatively the effects of planned changes in operational factors and 
circumstances. These terms of reference are equally applicable to prob- 
lems of war and peace. Sir Robert also put forward his view that the 
increasing participation of scientists in industry and in national planning 
need not lead to any lessening of academic freedom. 

Dr. Wansbrough-Jones, after speaking of wartime applications in 
the Army, insisted that operational research workers should be good 
scientists and that young scientists who spend some time on work of this 
type will generally profit by gaining experience of the social and practical 
applications of science. 

Describing some of the wartime researches into the effects and 
accuracy of the use of radar, and the combating of submarines, Prof. 
Zuckerman concluded that scientific methods of analysis were as valuable 
weapons as the new gadgets that science produced. Increased 
central planning since the war requires scientific methods, but the staffs 
at present carrying out the policies are not scientists, and have not con- 
sidered it advisable to ask for scientific advice on any large scale. One 
reason is the lack of unity of purpose now that the war is over, but in any 
case the necessary organisation in which science can play its part in solving 
our problems has yet to be created. 

Prof. W. C. Wilson referred to medical research work in the war, and 
mentioned the lack of trained investigators. Interest in the problems of 
social medicine needs arousing, and voluntary research might well bring 
important results. Work upon the biological and social aspects of war 
was further described by Prof. F. A. E. Crew,who summarised some lessons 
learnt in the war which might be applied in peace to problems of health, 
morale and efficiency, and not only to problems of disease. Scientific 
study is often essential before problems are recognised as existing, and 
the problems so revealed generally involve so many branches of science 
that a mixed team of scientists is required to solve them. The public 
must be made aware of the problems so that their willing participation 
can assist investigations, and the results must be accepted by authorities 
at a sufficiently high level to ensure wide application. 
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The Social Survey was described by Mr. Moss as a technique of collect- 
ing and analysing precise data about human beings and their environ- 
ment, for administrative and research purposes. In order to apply the 
results of physical research and make efficient use of human resources, 
scientific studies of social organisation are increasingly necessary. 

Prof. Bernal pointed out that the problems facing the nation after the 
war are similar in nature to those which led to the development of opera- 
tional research during the war, in that improved methods are needed 
while resources of men and materials are limited. The enforced changes 
in our economy will require changes in methods, materials, and the use 
of labour, and operational research can help to plan on a large as well 
as a small scale to gain the maximum effects with the least delay. He 
outlined some of the problems and discussed their relative importance. 
He claimed that one of the first tasks for operational research is to 
determine the best distribution of the scientific manpower available to 
work on national and local problems. 


Road Traffic Considered as a Random Series. 
W. F. Apams (Ministry of Transport). 


J. Inst. Civil Engineers, 4. 1936-37. 

That it is safe to assume that road traffic generally forms a random 
distribution is demonstrated by the results of W. F. Adams’ observation 
of actual traffic. The numbers of vehicles passing a given point in 10- 
second intervals of time were recorded on various roads, and the results 
(quoted for two London streets) demonstrate that the distributions 
approximated closely to Poisson distributions. The time-intervals between 
successive vehicles were also recorded, and their frequencies follow an 
exponential law deducible from the assumption that the vehicles can be 
regarded as a Poisson distribution of points on a line. 

Knowledge of the types of distribution of frequencies of arrival and 
intervals between vehicles helps to solve various problems connected 
with traffic-light installations. Some examples are given in this paper. 
Further observations were made to check formulae derived from the 
Poisson law to calculate delays to pedestrians crossing traffic streams, 
and the results tend to verify the calculations. 

It is emphasised that at least four circumstances can cause wide de- 
partures from the random distribution of traffic. These are: (i) sudden 
change in traffic density; (ii) nearby control by police or signals; (iii) diffi- 
culty in free overtaking; (iv) saturation (a relatively rare occurrence). 


The Nature and Development of Operations Research. 
CHARLES KITTEL (Bell Telephone Laboratories, Murray Hill, N.J.) 


Science, 105. Feb. 7, 1947. 

A general definition of operational research is given as ‘‘a scientific 
method for providing executive departments with a quantitative basis 
for decisions’. The historical origins of O.R. are traced. Examples of 
World War II applications are discussed, including (1) thousand plane 
raids; (2) large merchant vessel convoys; (3) radar training in the bomb- 
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ing effort against Japan; (4) optimum size of submarine wolf-packs. 
The concept of exchange rate is discussed with particular reference to 
submarine and anti-submarine operations. The exchange rate is essentially 
the ratio of output to input for a given type of operation, as measured in 
suitable units. For example, the profitability of the R.A.F. Bomber 
Command raids on German cities was analysed in terms of the exchange 
rate 


Allied man-years in bombing effort/bomb tons dropped 








Enemy manyears on defences and indispenable repairs/bomb tons dropped 
The rate when broken down for different types of aircraft showed the 
effectiveness of Mosquito raids and the superiority of the Lancaster over 
the Halifax bomber. 

A summary is given of Blackett’s concept of the stability of effective- 
ness ratios. For instance the ratio mines laid/ship sunk was found to be 
remarkably constant for all aircraft mining campaigns,—German, British 
or U.S. The significance of the constancy of effectiveness ratios lies in 
the possibility of transplanting aata from one area to another with reason- 
able assurance of coming out with the correct result. 


Operational Research. 
P. M. S. Blackett (Manchester University). 
Advancement of Science, 5. April, 1948. 


Two documents written in 1941 were here published generally for the 
first time. The first, prepared for the Admiralty, states the reasons for 
setting up Operational Research Sections and defines their functions and 
organisations. 

The need for scientists to study secret operational data in war requires 
special staffs at Command Headquarters, able to observe actual operational 
conditions while retaining a scientific approach to the problems. Execu- 
tive officers in the Services are not trained to analyse complex problems, 
and can profit by having quantitative results on which to take 
action. The research team should be directly responsible to the C.-in-C. ; 
their reports should be distributed as widely as possible among the men 
concerned. The Services’ requirements for war equipment need inter- 
pretation since the technicians who produce it are often unaware of many 
of the operational conditions; conversely, the Services need to be kept 
informed of scientific developments which may help their work. There 
is a balance to be struck between developing new devices and making the 
best use of existing ones: the introduction of Operational Research 
Sections is in part a redeployment of scientific effort to improve this 
balance. 

The second paper, revised in 1943, discusses the methods used to solve 
many of the wartime problems. 

The practical objectives of operational research in war are the appraise- 
ment and improvement of weapons and tactics, and the evaluation of 
strategy in terms of national effort. The methods are broadly classifiable 
as either ‘‘a priori” or “‘variational”, mostly the latter. The a priori 
procedure may fail when the problem is complex, and variational analysis 
is the most useful method of forecasting the yield for a future operation 
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from the known yields of past operations under not widely dissimilar 
conditions. Theoretical, or experimental measurements of the effects 
of small changes in the operating conditions can be made to estimate 
future successes. Rough data may sometimes be sufficient, for precision 
is often not essential provided that the question at issue can be decided 
one way or the other. Inequalities may achieve this where all that is 
known quantitatively of some or all of the factors are their extreme values. 

A number of examples are quoted in the appendices to this paper 
demonstrating the methods described. Most of them are Coastal Com- 
mand problems related to the war against U-Boats. 


Operational Research in the Research Associations. 
Nature, 161. 17th April, 1948. 


This article reports the proceedings of a conference on 13th and 14th 
January, 1948 attended by representatives of most research associations 
and of a number of establishments of D.S.I.R. under the chairmanship 
of B. H. Wilsdon. The discussion was opened by Sir Charles Goodeve. 

The problems of definition of operational research and the distinction 
between it and process or equipment research were considered. An 
amended form of Kittel’s definitions was agreed: “Operational Research 
is the use of scientific method in providing executive departments with a 
quantitative basis for decisions regarding the operations under their 
control.” 

F. C. Toy considered that operational research should form an integral 
part of the activities of a research association. Because of the scientific 
atmosphere, complete impartiality, close contact with industry, with 
other research associations and with Government departments, and be- 
cause of the confidence placed in them by managements and operatives 
he considered research associations the most suitable bodies to carry out 
operational research in industry. 

A. T. Green pointed out that operational research methods are of 
particular value in the older industries where processes are based on 
traditional methods. S. Whitehead, H. Bradley and D. J. Bishop gave 
examples of operational research in their own fields. Various speakers 
pointed out that there has never been a more favourable opportunity 
for an extension of operational research; yet it was clear that many 
obstacles would have to be overcome before the desired wide application 
could be achieved. 

Finally the problems of organisation and staff were discussed. 


Operations Research—A Scientific Basis for Executive Decisions. 


WILLIAM J. HorvATH (Operations Evaluation Group, Office of the Chief 
of Naval Operations, Washington). 
American Statistician, 2. Oct. 1948. 

The work and function of an operations research group are described 
with particular emphasis on the relation of such a group to the adminis- 
trator of a large organization. It is pointed out that the staff system of a 
military organization is much more readily adapted to the utilization 
of a group of scientists for quantitative evaluation of the effect of alter- 
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native decisions by the executive department than the Bureau system 
commonly employed by government departments. It is contended that 
a similar system could profitably be employed by industrial organizations 
and executive units of the government. 

The methodology of operations research and the significance of opera- 
tional constants are discussed briefly. It is argued that the approach used in 
the analysis of military problems could be expanded to cover such diverse 
fields as agriculture, communications, transportation, manufacturing and, 
in fact, to the study of the operation of any large organization which 
performs some repetitive process that can be expressed in quantitative 
terms. 


Polls and Prophecies. 
Henry DuRANT (Director, British Institute of Public Opinion). 
Nineteenth Century and After. December, 1948. 
Gallup’s record in the Presidential Election was: 
Dewey. Truman. 


‘oO 

Poll . : : : : . 

Result ; ; ; : 50.0 
Crossley’s was about the same: Roper’s rather worse. Gallup’s and 
Crossley’s statistical error was not large. Their weakness was in their 
interpretation of their figures. These did not entitle them to say with 
certainty that Dewey would win and events proved this. Their failure 
to name Truman as winner does not invalidate the procedure adopted 
by polls; it emphasises that the procedure must be used circumspectly and 
the results interpreted cautiously. 

Why do pollsters forecast elections ? Does success or failure prove 
anything ? These questions are answered in a discussion in which the 
difference between quota sampling and area sampling is noted and the 
basic concepts of quota sampling set out. The supreme importance of 
the questionnaire in a survey is stressed, and the pitfalls in the reactions 
of the public analysed. 


Men’s and Women’s Foot Statistics. 
A. T. McKay (Brit. Boot Shoe and Allied Trades Res. Asscn.) 


Brit. Boot, Shoe and Allied Trades Res. Asscn; Res. Rpt. RR 102; and 
various reports in the Association's ‘‘Monthly Bulletin’. 


Measurements of several thousands of feet, sampled from various 
towns and from different social groups, showed that the traditional 
ranges of fittings for men and for women were both based on incorrect 
assumptions as to the relation between length (size) and breadth (joint 
girth) of feet. The average increase in joint girth from one size to the 
next was found to be markedly less than that accepted by the industry. 
Thus in large sizes the orthodox fittings were too wide for most of the 
feet they were intended to fit, and the smaller sizes were often too slim. 

A new grade of fittings, “‘Precision Grade”’, was therefore recommended 
to the industry, based on the correct average girth/size relationship so as 
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to fit the maximum number of feet in each size-interval. It was further 
shown that, once this was done, half-sizes could be eliminated, and two 
fittings could be provided for each foot-size without increasing the total 
number of lasts. At least twice as many feet could be satisfactorily fitted in 
this way. The proposals have been put into practice very successfully. 


The Study of Industrial Efficiency with Special Reference to the Cotton 
Industry. 
L. H. C. Tirepett (British Cotton Industry Res. Asscn.). 


J. Royal Statistical Society. 110, Pt. II, 1947. 

An important part of the Shirley Institute’s work has been for many 
years the surveying of machine and man-power utilization in the cotton 
industry. These surveys have often indicated how efficiency in individual 
factories can be raised, and this has often been the immediate objective, 
but more general use is also made of the data at industrial level. 

There is no one measure of efficiency, and the approach must conse- 
quently be analytical. One of the most useful units of measurement is 
““OHP”, operative-hours per unit of product. This has an advantage over 
**production per man-hour” in that it is additive, as for example when the 
distribution of operatives’ time on various jobs is examined, or when it 
is desired to relate labour productivity to production costs in general. 

Methods used to record the frequency and cause of stoppages, time 
spent on various parts of the processes, etc., are fully discussed. It was 
found that the use of stop-watches to time operatives’ activities was un- 
popular, and other means of observing them have been devised. Among 
these is the snap-reading method, in which an observer makes a series 
of tours of the factory at random intervals of time recording the state 
of machines and operatives as he passes them. This was found to yield 
sufficiently accurate estimates of stoppage times, etc., but there are limita- 
tions to its use. 

The applications of the results of the surveys are varied. The deter- 
mination of relative wage-rates, regrouping of machines and operatives, 
revealing bottlenecks in production are among the issues on which the 
data has thrown new light. The whole problem of the best system of 
labour organisation and wage payments is being studied. 

Productivity is being examined factually and from many angles: the 
researches are demonstrating possible improvements by objectively 
measuring performance, and are evidently capable of settling quantita- 
tively some of the questions which have hitherto been controversial or 
have sometimes been ignored. 

Details of the results of some of the surveys are presented in a series 
of articles in the Shirley Institute Bulletin. 


O.H.P.—The Labour used at the Roving Frame in producing American- 
type Roving. 
Shirley Inst. Bulletin, 21. No. 4, 1948. 21. 
This is one of a series of articles presenting the results of ““Abbreviated 
Surveys” of manpower utilisation in nearly 100 spinning mills. It shows 
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the variation in O.H.P. (operative hours per 100 lb. of production) on 
roving frames, and analyses the variation into its causes—variations in 
front roller speed, machine efficiency, bobbin weight, and the work load 
of the operative—and shows how these factors vary from mill to mill. 
As a result of the analyses, technical conditions and targets are suggested 
that may be regarded as good Lancashire practice, and may be used as 
a basis for improving productivity. 

One result of special interest comes from a comparison of production 
by operatives with and without assistants: it appears that in general the 
effect of using assistants is to increase labour consumption without in- 
creasing productivity. An appreciable increase in output from the existing 
labour force should be possible if the assistants can be promoted to take 
charge of frames. The potential increase in production if all mills could 
work to the standards indicated in this article is estimated at 45 per cent. 


Present Methods of Open-Hearth Furnace Charging. 


E. L. DIAMOND and A. M. FRANKAU (British Iron and Steel Research 
Association). 


J. Iron and Steel Inst., 161. March, 1949. 


There has for long been controversy as to the best way of charging 
open-hearth furnaces. The importance of the charging process can be 
judged from the fact that charging usually accounts for about one-third 
of the tap-to-tap time. The maximum speed at which charging may 
proceed is governed in the first place by the melting capacity of the furnace, 


and for a given furnace and given materials the optimum charging rate 
can be determined. The rate is lower than the maximum attainable by 
most existing chargers, which consequently operate intermittently. 

The two main charging methods are (i) rotary chargers lifting boxes of 
materials from a bench, the boxes being filled in an adjoining bay, and 
(ii) fixed chargers lifting boxes from a line of bogies on a road immediately 
in front of the furnace. The latter method involves a complicated layout 
of railway tracks on the charging stage, but the filling of the boxes may 
be done at any convenient part of the plant. Only a few works in this 
country use this method. 

A working model of the proposed stage-railway layout at the new 
Margam plant was used to study the movements of materials under both 
normal and exceptional conditions of operation. By this means, and 
from time-studies at several works, much data has been assembled, 
and the two methods compared. The effects of varying scrap-density, 
capacity of furnace, length of furnace frontage, etc., were ob- 
served or calculated, and requirements of charger, crane, and railway 
capacities have been formulated. It is concluded, inter alia, that one 
charger is required for every two furnaces installed. 

The fixed charger is about twice as fast as the rotary charger when 
actually working, but delays while trains of empty bogies are replaced 
cancel out the greater part of this difference in speed. 

The authors recommend that raw materials such as limestone and ore 
should be supplied by conveyor-belt to bunkers close to the furnaces, 
to simplify the assembly of charges, especially in the case of the 
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stage-railway system. Until some new method of dealing with scrap is 
developed, the rotary charger system probably presents more oppor- 
tunities for improvement than does the stage-railway system, which 
requires continuous control and planning to avoid delays from congestion. 
A modified bench to carry a greater number of charger-boxes is suggested 
to overcome the lack of space in shops using large proportions of scrap. 


Operational Research in German Agriculture. 


G. PREUSCHEN (Institut fiir Laudwirtschaftleich Arbeitswissenschaft und 
Laudtecknik, Imbshausen). 


Research, 2. Oct. 1949. 


The general direction of research in German agriculture since 1918 
is reviewed, with reference to the work at the three research institutes 
at Pommritz, Bornim and Breslau (the last now transferred to Imbshausen). 

Originally research was mainly confined to fundamentals—hand tools 
and working methods at Pommritz: tractors and implements at Bornim 
and Agricultural Science at Breslau. More recent work covers the inter- 
action of various factors, e.g., the association between tool design, type 
of power available (human, animal or mechanical) methods of soil culti- 
vation and the availability of a market for increased production. Much 
information is now available regarding labour requirements for particular 
tasks, the value of mechanization, planning of work, design of buildings. 
The human problem and the effect on o:tput of conditions of work and 
the methods of payment have also been studied. 

Methods of research have been both analytical and synthetic. For 
instance, farmers’ day books have been analysed to obtain information 
on labour requirements for different tasks. Different agricultural methods 
may be compared by operating them side-by-side on different small- 
holdings on the experimental farms. 


Operational Research. 
L. H. C. Trepett (British Cotton Industry Res. Asscn.) 
Trans. Brit. Ceramic Scty, 48. April, 1949. 


Operational research is ‘‘a scientific method of providing executives 
with an analytical and objective basis for decisions”. It is not a new 
‘activity for industry, but there have been new developments in recent 
years. Some recent factory surveys of productivity are described. In 
applying the method, factory experiments may be made and statistical 
methods are necessary; but a background of analytical technical know- 
ledge is also important. There is scope in some industries for investigations 
of inter-factory variations in efficiency, which may appropriately be done 
by some central association; but value can come from the results only if 
managements apply them. 
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EDITORIAL NOTES 


THE Operational Research worker is faced with three peculiar difficulties 
when he considers the problem of publication. First, his work is by 
definition intended for digestion and application by management and 
must accordingly be made palatable, as Professor Blackett pointed out 
in our last issue. The initial emphasis will therefore be on results and 


recommendations based on observation. On the other hand the methods 
the operational research worker adopts in making his observations may 
well be the main point of interest to other operational research workers. 
It thus becomes one of the aims of the Quarterly to provide a medium 
where emphasis on methods is as important as emphasis on results. 

The second and much greater difficulty arises from the confidential 
nature of much of the operational research worker’s data. It is difficult 
for a manager to see the advantages of publishing the ‘‘quantitative 
basis’ for his decisions, though the many kinds of trouble that might 
arise from publication are all too clear. Commercial competitors, organ- 
ised labour, potential litigants and ambitious politicians might all seize 
upon the facts disclosed, on inherent or other organisational weaknesses 
revealed, to the embarrassment of the firm or department concerned. 
Fortunately, this real difficulty applies only in a part of the field of opera- 
tional research, and even there managers are becoming more accustomed 
to publication. Industrial production figures and economic and trans- 
port statistics, for example, which ten years ago were regarded as closely 
confidential, are now published by many organisations: partly on the 
“bread on the waters’”’ principle and partly because managers do realise 
the value of discussion and criticism. It is a short step from the publication 
of statistics such as these to the publication of the more analytical papers 
in operational research. 

The third difficulty is somewhat analogous to the first. Obviously 
authors do not publish papers unless they are reasonably confident that 
people interested in their subject will read them. Specialized subjects 
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thus secure their specialized journals with specialized readerships, and 
in the diverse fields of the application of the results of operational re- 
search, papers by operational research workers are scattered far and wide 
regardless of the possible interest of some hundreds of operational research 
workers in other fields. It is not the least function of this Quarterly to 
provide evidence of this scattered interest, so that authors will be encour- 
aged to publish their papers in the appropriate journals, and to ensure that 
suitable notice of such publication will be given to the Quarterly. It is a 
measure of the modest but significant reader-interest catered for by the 
Quarterly that our subscription list topped 450, drawn from all five con- 
tinents, in the first three months of our existence. 

Operational research workers can now be assured, therefore, that a 
mechanism exists to bring their work to the attention of a wide range of 
people of similar interests and experience. It only remains for all con- 
cerned to build up this mechanism to the highest pitch of efficiency possible. 
What is required ? 

First, as only a very small proportion of the spate of papers published 
throughout the industrial and scientific worlds contain material relevant 
to operational research, the Quarterly is faced with a difficult problem 
in locating them. The editors therefore need scouts to report the existence 
of such a paper, or even better, to provide an abstract. Ideally, an author 
acts as his own scout. 

Second, they need volunteered review articles covering particular 
subjects in the field of operational research or short notes or “‘letters to 
the Editors” on points of general operational research interest. 


Third, they ask all operational research workers to press for early 
publication of their results, and particularly of their methods, in the 
relevant organs of the scientific and technical press. 


A 12-day residential summer course on ‘‘Work Study and Operational 
Research” is being held at Birmingham University from July 2nd to 
July 14th under the direction of Professor T. U. Matthew. It is intended 
for production managers, industrial engineers and methods and time- 
study executives, and will survey basic principles and existing practice in 
engineering production and management with particular reference to 
works study and operational research. 


A week-end conference on scientific method in industrial production 
with special reference to the contribution of statistics to production and 
scientific management is to be held in Sheffield from September 29th to 
October Ist 1950. It is being arranged by the Industrial Applications 
Section of the Royal Statistical Society, and papers already organized 
include: ‘Statistical Investigations of Industrial Productivity”, ‘“‘Costing 
of Continuous Processes”, ‘““The Cost of Inspection”, ‘Multiple Sampling 
jn Theory and Practice’, “‘Statistics Invades Time Study’”’. 

Applications for the limited accommodation available should be 
addressed direct to the Assistant Secretary, Royal Statistical Society, 
4 Portugal Street, London, W.C.1. 
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OPERATIONAL RESEARCH 


AT THE SHIRLEY INSTITUTE 
by L. H. C. TIPPETT 


THE activities of the Shirley Institute (The British Cotton Industry Re- 
search Association) form a continuous spectrum from pure research at 
one extreme, through applied research to something that, in the form of 
special services to member firms, verges on operations. What part of 
this spectrum is to be termed operational research, or indeed if any part 
of it comes directly enough into contact with operations to be so termed, 
is a moot point. It is sufficient for the purposes of this article that certain 
of these activities have come to.be regarded as operational research by 
people both inside and outside the Institute. The distinguishing feature 
of these activities is that they are largely concerned with collecting, 
analysing and interpreting data of actual operations rather than of ex- 
periments made at the Institute. 

These activities started round about 1926 when it was remarked by an 
industrialist that in most weaving sheds the looms worked, at the best, 
for something like 70 per cent. of their time, the 30 per cent. stopped 
time being partly due to essential routine causes and partly (presumably) 
to avoidable causes. Accordingly crude stop-watch studies were made 
of the behaviour of looms—of the numbers, durations and causes of 
loom stoppages. 

Thus were born the efficiency surveys, as they came to be called in the 
Institute. They were developed and extended. Spinning and winding 
were covered as well as weaving, the operatives were observed as well as 
the machines, full processing particulars and conditions were recorded), 
new methods of observation suitable to the circumstances were devised, 
data were recorded in ever finer detail, and experience was gained of the 
scale of observation necessary to give significant results—significant in 
all senses of the word. 

The immediate object of each survey was to provide the manage- 
ment with data which they could use in taking steps to improve 
efficiency—that consideration doubtless persuaded many of those 
managements who provided facilities. But it cannot be said that 
any important executive actions were thereby caused. I remember one 
early conference with a mill director, following a survey, in which the 
banal conclusion was reached that efficiency was to be improved, if at 
all, in a number of small ways. Only very occasionally did the manage- 
ment ask for some specific piece of information which the survey was 
designed to yield. Had fundamental reorganisation of the working 
arrangements in the mill been contemplated the surveys would have 
yielded data of immediate value, but the movement for redeployment is 
of a more recent growth. 

Neverthel -s managers generally have a greater understanding of the 
components of efficiency than they had. Concepts such as loom efficiency 
O.H.P. (operative hours per unit of production) and standard times are 
commonplace; the quantitative effects of numbers of yarn breaks in 
processing, of the number of bobbins handled by the operatives per unit 
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of production, and of various forms of mechanisation and re-equipment, 
are widely understood; and even the more esoteric concepts of work 
study such as “machine interference’’ are fairly widely known. It is 
reasonable to believe that the publication of the results of the Shirley 
Institute efficiency surveys, and the exposition of them in articles and 
through lectures, has contributed to this general growth of knowledge 
and understanding. 

The surveys have also had more direct effects on the industry. Over 
the years has accumulated a body of quantitative knowledge of the 
working of mills and the work of the operatives, which has been collated. 
This knowledge is only approximate, but it is accurate enough to be 
serviceable, and the part relevant to the weaving section of the industry 
helped the Cotton Manufacturing Commission with its task of fashioning 
a new wage system for weavers. It is not necessary to read very closely 
between the lines of the reports of that Commission (H.M.S.O. 1948 and 
1949) to appreciate how the “executive” (in this case the Commission) 
utilised the analysis of the problem and the data provided by the opera- 
tional research workers, while coming to its own decisions. 


On two occasions in recent years there have developed large-scale 
changes in the cotton industry. The first was round about 1930 when the 
“‘more-looms-per-weaver” movement started, and the second has been 
since the war, when “‘redeployment’’ has become a much-talked-of and 
widening movement covering the whole industry. These developments 
have been started by pioneers making experiments in reorganisation at 
their mills, often in the face of opposition and scepticism, and the function 


of the Shirley Institute has been not so much to participate in the actual 
carrying out of the experiments as to survey and present the results. 
Some of these experiments have been virtually public experiments under 
the control of a representative committee of employers and trade unionists, 
appointed by the Cotton Board; others have been conducted privately 
by managements who have subsequently permitted a survey to be made 
and the results to be disclosed to the industry. The surveys give a detailed 
picture of what has happened, analysing the causes of any improvements 
in efficiency and productivity, measuring the contribution of each cause, 
and giving some indications of the effect of the changes on the work of the 
operatives. The objects are to give other managements a lead as to things 
they can do to improve efficiency and data on which they can decide how 
far the new conditions can be applied at their mills, and to give trade 
unionists information on which they can safeguard the interests of the 
operatives. The value of the surveys depends as much on the confidence 
of the industry in their objectivity and in the impartiality with which they 
are done, as on their accuracy. 

In addition, the Institute co-operates with managements in conducting 
more technical experiments in mills to discover such things as the optimum 
amount of a starch size to put on warp yarn or the technical effects of 
some new process or piece of equipment such as an automatic spooling 
machine for winding warp yarn. Managements do experiments of these 
kinds for themselves, and should do them more. The Institute’s main 
objects in co-operating are to disseminate results that are of general 
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interest to the industry, and to develop economical and reliable methods 
of experimentation and observation that can be adopted by managements 
more or less as standard methods specially suitable for use in the cotton 
industry. 

Although there has been some collation of the results of surveys 
so far described, each survey is made in sufficient detail and contains 
enough information to stand on its own. As a consequence each one 
takes some months to complete and occupies several observers for that 
time. It is impracticable to cover a substantial proportion of the industry 
in this detail, and so in recent years another type of survey has been made 
of spinning mills, termed the Abbreviated Survey. In the abbreviated 
survey data are taken from the firm’s records of the quantity of yarn 
produced over a given four-week period, together with the numbers of 
manhours of labour of various types employed in the different departments 
during that time. From these data is calculated the O.H.P. (the operative- 
hours required to produce 100 Ib. of yarn), broken down according to 
department and type of labour. The O.H.P. is used as a measure in 
preference to the P.M.H. (production per manhour) because it is additive 
and can be analysed and synthesised like costs. Technical particulars 
are also taken such as type of cotton in use, hank numbers of the various 
products in the sequence of processes, machine speeds, the weight of 
material on each bobbin, and the labour deployment. An abbreviated 
survey of one mill can be completed in a few days, and about 100 spinning 
mills were surveyed during 1947-8. 

The results for any one mill are not very informative to the industry 
at large, but when those for many mills are collated, information emerges 
which can be put to practical use. From the O.H.P. required in each 
department for producing each count of yarn (count is a measure of 
fineness—it is the inverse of weight per unit length), averaged for the 
whole industry, it has been possible to estimate the average effect on labour 
requirements of the various forms of re-equipment available to the in- 
dustry; and for each form of re-equipment an index has been calculated 
consisting of the ratio of the percentage saving in labour to the capital 
cost involved. This information has been issued to the industry. It is 
approximate and applies only very roughly to any given mill; and it 
helps managements only in choosing between alternative forms of re- 
equipment. It should not and probably has not been rigidly used by 
any management in coming to decisions, but it provides a rough basis 
and a method of approach to the problems, and probably it has in- 
fluenced the thinking of executives. 

Equally, or possibly more, interesting is the information of the spread 
in O.H.P. about the average. That gives some indication of the scope 
for improvement within the industry on the assumption that firms can 
reduce their O.H.P. to values approaching the lowest observed; and the 
analytical data give some indication of the relative importance of machine 
utilization, bobbin sizes, and machine allocation to the operatives as 
sources of variation in O.H.P. The individual mill manager can see how 
his results compare with the general run, and if the O.H.P. is high, he 
can determine which departments are responsible, and in some degree, 
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what factors need improvement. Again since the information is not in 
complete detail, the individual manager must use it with discretion and 
in conjunction with fuller information more specific to his mill. 

The analysed results of the abbreviated surveys are published to firms 
in the industry in the form of articles in the Shirley Institute’s confidential 
Bulletin. Several firms show interest and a few make use of the informa- 
tion provided; but it is likely that the main effect of the surveys will be 
long-term through their contribution to increased understanding of the 
constituents of productivity in cotton spinning. This part of the work 
is nearly complete and after completion I doubt if we shall do much in 
this direction for some years. The periodic re-surveying of the industry 
in order to measure progress is a matter for a routine statistical depart- 
ment, and a new detailed survey with a full analysis will be justified only 
after the industry has undergone substantial technical changes. Abbrevi- 
ated surveys have so far been confined to spinning because only in that 
section of the industry is there enough uniformity of processing and 
product to make them profitable. Whether, with increased experience, 
it will be possible to do useful work of the same kind for other sections 


remains to be seen. 


The work described was started in a small way by literally “one man 
and a boy”’; it has grown and developed into the programme now covered 
by the Technical Economy Department at the Institute, which consists 
of five graduates and three non-graduates. The field work, which occupies 
about a dozen workers, is organized and performed as one of the functions 
of the Liaison Department. The programme is to continue and extend 
the work, and particularly to cover costs as far as practicable; it may be 
divided into four main parts: 

First is the continuation of the survey work and the building up of a 
general body of data. Most of the investigations are made with some 
specific end in view; the data serve not only for that end but also contri- 
bute to a storehouse of information that can be drawn upon in the future. 
Some surveys are made purely to fill gaps in that storehouse. For 
example, the variation in yarns spun in mills using some of the newer 
forms of shortened processing is being studied; no one is urgently calling 
for this information but it will undoubtedly be useful later on. 

The second part is the systematic analysis of the results in order to 
reach conclusions of more or less general application. The analysis of 
the results of the abbreviated surveys described above is an example. 
There are several technical questions ‘‘alive’’ at the present: whether to 
use ring or mule spinning machines, automatic or non-automatic looms, 
automatic or non-automatic winding machinery; whether to rewind weft 
or to spin it directly onto the bobbin or cop used in the loom; what is 
the optimum size of bobbin for use in ring spinning; and so on. It is 
one job of the Technical Economy Department to obtain and analyse 
costing and other data in order to contribute to the answering of these 
questions. In applied research and development undertaken within the 
Institute, the need for information on the economic and labour problems 
in making industrial applications is becoming increasingly felt. This 
analytical work raises problems of its own—for example, how to generalize 


22 





from particular costing figures; and experience has to be gained. Although 
much has been done, very much more remains to be done, and this part 
of the work is only at the beginning. 

The third part of the Technical Economy Department’s work consists 
of studying variations that occur in the industry in the properties of the 
raw materials and products and in the processing performance—par- 
ticularly in the frequency of yarn breaks in spinning and weaving. As 
the patterns of these variations become better known, it should be possible 
to develop improved systems of quality and process control for the use 
of managements. 

The fourth part concerns methodology. What is the most economical 
set-up for a mill experiment ? In time-study, what are the errors and what 
the variations between operatives ?. How many operatives should be 
timed and how many timings be made on each in order to obtain an average 
of the required precision ? How many spinning and weaving yarn breaks 
should be counted to give a mean breakage rate of required precision ? 
These are examples of questions of method that require to be answered 
not only for the technical economy work of the Institute, but also for 
the benefit of managements who obtain data for operational purposes. 


Operational research at the Shirley Institute has several characteristics 
which have been mentioned in passing and to which attention is specially 
called. Very seldom does it result directly in executive action. As a 
research association the Shirley Institute is concerned to do general 
research for the industry as a whole, and it is regarded as a responsibility 
of managements to work out and make the application of the results to 
their own mills. This application requires a considerable amount of 
detailed work of the kind that consultants do when help.from outside 
the factory is needed, and if the Institute provided such services for its 
many members, considerable resources and staff would be required. The 
Institute assists in and encourages practical application through its 
Liaison Department and special consultations and services, but only on 
a scale that leaves much to the initiative and activity of managements. 
This is true of the general research of the Institute, and of operational 
research in particular, and it gives the work a more general character 
than operational research for one firm or producing organization would 
have. Perhaps this relative remoteness from executive action disqualifies 
the work from having the description ‘‘operational research’’; the use 
of the title ‘‘technical economy”’ avoids this question. 

A second characteristic is that technical economy is developed as a 
whole and “stands on its own feet”. The work as a whole finds justifica- 
tion in its practical usefulness, and many particular parts of it find im- 
mediate application of one sort or another, but not all parts. Each par- 
ticular piece of work is justified if it contributes to the whole programme, 
whether or not it is directly useful practically. When the Cotton Manu- 
facturing Commission wanted information on factors affecting the work 
of the weavers, the data were there, ready; in that lay much of their use- 
fulness. 

The work does not make very much use of elaborate statistical or 
mathematical methods. Tests of statistical significance and simple analyses 
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of variance are occasionally used, especially in the methodological studies, 
but mostly simple tabulations and averagings provide the results. The 
mainstay of the work is the analytical detail in which it is done, and the 
background of technical knowledge with which it is guided. 

Finally, although every endeavour is made to give the work immediate 
practical effect, and the staff performing it feel great satisfaction when 
they learn of fruitful practical applications, weight is also given to the 
long-term effects that take time to be felt because it takes time for manage- 
ments to learn new knowledge and for their organizations to assimilate 
and adapt themselves to new methods. 





ABSTRACTS 


Operational Research into Air Traffic Control. 
G. E. BELL (Ministry of Civil Aviation). 
J. Royal Aero. Soc. 53. No. 466, Oct. 1949. pp. 965-976. 


One of the urgent requirements of civil aviation at present is the 
establishment of a safe and effective system of air traffic control, a 
problem which is engaging the continuous attention of the Ministry 
concerned. Planning was, however, originally hampered by a lack of 
adequate precise knowledge of the traffic and the traffic pattern, and this 
paper describes work of a fact-finding kind carried out to provide data 
for planning purposes. 

For the most part the field work comprised ‘“‘time-and-motion”’ studies 
of the various elements concerned, including particularly the accuracy 
of time-keeping by aircraft, and also studies of the accuracy of navigation, 
in plan position and in height, made by the aid of radar equipments. 

Forward planning, of course, contemplates operating at traffic densities 
much greater than those obtaining at present, and it has therefore been 
necessary to consider theoretically the principles of traffic flow in order 
to permit extrapolation from present levels. Existing work on traffic 
with a Poisson distribution has been applied to the particular problems of 
aviation, and the work has been tentatively extended to cover non-Poisson 
distribution. Of particular interest in this connection is a pattern con- 
sisting of a schedule which is only roughly adhered to. Assuming that 
departures from schedule are normally distributed, it is shown that time- 
keeping of a high order of accuracy is required to reduce delay and con- 
gestions much below those associated with a Poisson pattern: in fact the 
standard deviation of the distribution must not exceed say half the 
scheduled separations if any really worthwhile improvement is to be 
brought about by scheduling. 


Delays in the Flow of Air Traffic. 


E. G. Bowen and T. Pearcy, (Commonwealth of Australia Council for 
Scientific and Industrial Research). 


J. Royal Aero. Soc. 52. No. 448. April, 1948. pp. 251-258. 
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Delays in Landing of Air Traffic. 
T. PEARCY. 
J. Royal Aero. Soc. 52. No. 456. Dec., 1948. pp. 799-812. 


These two papers are complementary, Pearcy giving a full mathemat- 
ical treatment and the joint paper a more elementary and factual account 
of the problem. 

Observations at Kingsford-Smith Airport, Sydney, are quoted to 
substantiate the claim that, despite efforts to adhere to time tables, civil 
aircraft arrive at airports in what may be regarded analytically as arandom 
manner. The control process ensures an orderly flow down the final 
approach path and imposes a safe minimum separation. Delays are 
inevitable and depend critically on the airport loading since the number 
of occasions on which two aircraft arrive within any specified small 
interval of each other varies as the square of the traffic density. 

Most workers on similar problems have defined random events by the 
Poisson formula but the related exponential distribution of intervals of 
separation is preferable in traffic problems where the minimum tolerable 
separation is a basic concept. From a consideration of the probabilities 
of varying sequences of delay in groups of successive aircraft formulae for 
the proportion of aircraft delayed, the average delay and the distribution of 
delays are developed. The effect of a holding procedure which instead 
of imposing the exact minimum required delay in each case is variable 
only in finite steps is also discussed. 

It is concluded that for practicable operations without serious delays 


an airport must have a large reserve of capacity and a control procedure 
imposing delays in steps not exceeding one-tenth of the minimum tolerable 
separation. Moreover in estimating working capacities the distribution 
of delays as well as the expected mean is of great importance. 


A Study in the Psychology of Desertion and Absenteeism in Wartime and 
its Relation to the Problem of Morale. 


Dr. J. C. PENTON (Army Operational Research Group). 


During the early part of the B.L.A. campaign the question of military 
delinquency, particularly desertion and absence without leave, became 
acute. Prisons and field punishment camps were overfull, and at th. 
same time the manpower situation was at its most stringent. As a result 
of a routine psychiatric examination of 103 men it was concluded that 
90 per cent. of men undergoing long sentences for absence or desertion 
could be returned to duty with confidence that they would not commit 
further offences, provided that psychiatric findings were taken as the 
basis for re-allocation; these findings could be objectively derived by 
careful consideration of each man’s personality and ability, of the stress 
to which he was subject at the time of the offence and the adequacy of his 
training. 

Owing to shortage of psychiatrists, individual psychiatric examination 
of all cases was impossible. A questionnaire was constructed, which could 
be filled in by the Prison Officer, covering the delinquent’s chief character 
traits, intelligence, education level, etc. Later a Permanent Review Board 
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for 21 Army Group was set up with a psychiatrist as an executive member 
and, from the answers to the questionnaire, he was able to make a quick 
character assessment while the Board was sitting. 

During the first year’s working of the Board, 3,315 cases were reviewed 
and in all 2,594 soldiers were released under suspended sentence. No 
follow-up of these men was possible. 

A number of Tables are given showing age, intelligence, marital status, 
etc., of delinquents compared with a control group of 1,000 infantrymen, 
selected at random. Other tables show the incidence among deserters 
of the various factors affecting the formation and destruction of morale. 
Based on these figures, conclusions are drawn regarding the treatment of 
deserters and the best means of reducing the desertion rate in any future 
campaign. 

Theory of Valve Replacement. 
H. J. JosepHs (Post Office Research Station). 
General Post Office Research Report 12874. 11 pp. 


A technique is described by which the mean life of a set of valves in 
a continuously operating telecommunications network is estimated with 
a minimum of clerical work. The valves, whose lives are assumed to be 
approximately normally distributed under good maintenance conditions, 
are replaced simultaneously before any information is collected. From 
the total number of valve failures (include failures of replacements) in 
a given time, the mean valve life may be estimated by use of a previously 
constructed graph. 

Two methods of valve replacement are considered: the valves may be 
replaced indefinitely as they fail, or may be replaced as they fail until 
some time T when they are completely replaced with new valves. Under 
certain conditions the latter method may be more economical than the 
former, and an optimum value of T is indicated. 

Graphs have been calculated from which the mean valve life and the 
optimum value of T may be estimated. 


Operational Research. 
Pror. C. H. WADDINGTON (Inst. Animal Genetics, Edinburgh). 


World Review. June, 1945. 

From his wartime experience as officer in charge of O.R.S. Coastal 
Command, R.A.F., Professor Waddington relates some of the problems 
solved by civilian scientists attached to military commands. The detailed 
examples are from Coastal Command and concern aspects of the U-Boat 
war. Problems of civil aviation are also discussed. The executive,— 
in war, the Commander-in-Chief,—cannot under modern conditions of 
continual scientific innovation act successfully on training and personal 
experience alone. Increasingly often complex situations arise which 
require searching and usually laborious analyses, sometimes involving 
mathematical treatment, in order to reveal issues on which he can use 
his judgment. The author discounts the criticism that the results appear 
afterwards to have been “‘merely commonsense”’ decisions, for the opera- 
tional research scientist’s main contribution is to exercise his ‘‘persevering 
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inquisitiveness” to discover and put into perspective the basic facts and 
important details to which the executive’s commonsense can be applied. 
The article’s conclusion that scientists ‘“‘will not be able to stay the 
whole of their time in their design laboratory, but will also have to go 
down to the airfields and find out exactly what is being done with their 
products” recalls the early purpose of the service O.R.S.s as two-way 
links between the men who designed the tools and those who actually 


did the job. 


The Performance o£ Weavers Under Varying Conditions of Noise. 
H. C. WEsTON and S. ADAMS. 
Industrial Health Research Board Report No. 70. 1935. 15 pp. 


Two experiments are described which were carried out to investigate 
the effect of noise on personal efficiency. Among the noisy processes of 
industry, weaving was chosen for this study because a convenient measure 
of output—which can be shown to be dependent upon personal efficiency 
—is readily obtainable. 

The design of the experiments was simple. Two groups each of 10 
weavers were selected, being ranked by the management by the method 
of paired comparisons so that balance of weaving efficiency was obtained 
between the two groups. 

One of the groups was supplied with ear defenders designed to reduce 
the noise to 81 decibels from the normal weaving shop intensity of about 
96 decibels; this probably represents a SO per cent. reduction of apparent 
loudness. The other group worked without ear defenders. 

The first experiment was interrupted owing to a stoppage of the in- 
dustry after six months. The second experiment was continued later, 
partly with different weavers, and lasted for a full year. 

The weavers who wore ear defenders were not unanimously of the 
opinion that they were advantageous, although most stated that they 
liked them. Examination of the output figures showed that the output 
of the experimental group wearing ear defenders was generally higher 
than that of the other group at different times of day and on each 
day of the week as well as on weekly average. In the first experiment 
the control group output exceeded the experimental group in only 1 week 
out of the 24; in the second experiment the control group was slightly 
higher on 5 weeks out of 52. 

Both groups showed considerable variation in weekly output and 
there was a tendency for the excess of the experimental group over the 
control group to be somewhat greater in the earlier stages of both experi- 
ments than in the later. The average outputs for the 24 weeks of the 
first experiment were 75.87 and 78.46 hundred picks per hour for the 
control and experimental groups respectively: in the second experiment 
the figures were 67.60 and 71.23. If only the later stages of the experiment 
are considered when the excess of the experimental group is least, it is 
concluded that the wearing of ear defenders increased output by at least 
3 per cent. For much of the time the looms run entirely automatically, 
the personal work being limited to between 12 and 14 minutes per hour 
on the average; the increase of 3 per cent. in output therefore represents 
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an increase of about 7} per cent. in personal efficiency. 

It is stressed that this conclusion cannot necessarily be applied to 
reductions of similar amount (either relatively or absolutely) in noises of 
other intensities and that the use of ear defenders is not necessarily the 
best way to reduce noise. 


Finished Steel Production: Possible Increase from Existing Equipment. 
R. F. PAssaNo (Bethlehem Steel Co.) 


Year Book American Iron and Steel Inst.. 1949. pp. 192-220. 

There is so much difference between the quantity of liquid steel made 
and the quantity of finished products sold that it is profitable to ask 
whether the manufacture of some of the circulating scrap cannot be 
avoided, so as to increase saleable output without enlarging steel furnace 
capacity. 

The author surveys the opportunities for improvement in yields from 
ladle to finished product, and reference is made to preventive maintenance 
and standardization of product as means of achieving the extra rate of 
output in the finishing departments which improved yields would demand. 
More ferrous material would be needed to replace works’ scrap, and a 
temporary source might be excess stocks of ingot moulds. It is suggested 
that, where steel quality permits, a standard arrangement of two or more 
types of mould for each cast would permit smaller stocks and give better 
pit yields than the more common practice of using one type of mould 
for a complete cast. 

Much of the scrap which arises in steelworks’ operation is caused by 
incoming batches of material varying in quantity when the product is 
required to be of constant size or a multitple of some fixed amount. For 
example, the weight of steel tapped from a furnace varies from heat to 
heat, causing uncertainty about the number of moulds that will be re- 
quired, and at the end of the cast there will generally be a short ingot to 
be scrapped. In a blooming mill the ingots, supposedly of constant size, 
produce blooms of varying length, leading to further loss of yield when 
these have to be sheared to set lengths to fit a reheating furnace or to give 
the required size of product for sale. 

The same theme recurs throughout many of the finishing processes, 
as for example when rolling bars to a fixed ordered length from 
reputedly identical billets. | Any excess length of bar is scrap; any bar 
less than the ordered length may be partly saleable or may have to be 
scrapped entirely. An actual distribution of bar-lengths is quoted and 
it is shown that it is necessary to-risk an occasional short bar in order to 
maximize the yield. The data showed that, at the plant in question, the 
average bar-length as rolled could be safely reduced, and the yield im- 
proved in consequence, by adjusting the size of the billet. 


The Work and Organization of a Statistical Department in Heavy Industry 
with particular reference to the Steel Industry. 
A. W. Swan (United Steel Cos.). 
J. Iron and Steel Inst., 160. 1948. pp. 1-20. 
The first section of the paper deals purely with statistical methods and 
the last with the man-power requirements and organisation of a statistical 
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department. The intermediate section gives some examples of the applica- 
tion of the statistical methods to improve certain aspects of steelworks 
operation. 

The examples given include: 

1. An investigation into the distribution of properties of silica bricks, 
leading to the formulation of a sampling scheme for acceptance of bricks, 
a scheme which satisfied the manufacturer and assured the user that he 
only received well-fired brick. 

2. An investigation of factors affecting the quality of Bessemer rails. 
Most of the results confirmed technical experience as to the factors 
affecting quality, but a valuable feature of the investigation was that it 
made possible the assessment of the relative importance of the various 
factors. 

3. A Statistical analysis of blast-furnace production data to determine 
the effect of coke quality and other variables on blast furnace performance. 

4. The determination of the characteristics of width and thickness of 
hot-rolled bar in order to substitute a method of sampling inspection for 
100 per cent. inspection. The introduction of sampling inspection proved 
of great benefit since it resulted in a great saving in inspection costs and, 
at the same time, an improvement in the quality of the product. 


Price Theory and Economic Behaviour. 
R. L. HALL and C. J. Hitcu. 
Oxford Economic Papers. May 1939. 

Just before the war an enquiry was carried out by a group of Oxford 
economists to examine the way in which business men decide their price 
and output policy. The method used was to interview a sample of 
business men whose job it was to make such decisions in the real world. 
The sample was not random and the enquiry was limited in scope, only 
the evidence from 38 entrepreneurs being considered. Nevertheless, 
there was sufficient unanimity to reveal substantial departures from the 
findings of theoretical analysis. The most striking feature of the answer 
was the number of firms which do not appear to aim at the maximiza- 
tion of profits by equating marginal revenue and marginal cost in the 
way taught in the standard theory of imperfect competition. An over- 
whelming majority of the entrepreneurs thought that a price based on 
full average cost (including a conventional allowance for profit) was the 
‘“‘right price”, the one that “Sought” to be charged. This, together with 
other divergences between theory and practice suggest that field studies 
of this kind have an important part to play in bringing economic theory 
into harmony with the real world. 


Agriculture, Sampling and Operational Research. 
F. Yates (Rothamstead Experimental Station). 
Proc. International Statistical Inst., 1949. 8 pp. (Not yet published.) 


The paper discusses the uses of sampling methods and surveys in 
‘“‘operational research”. The definition suggested is: ‘“‘Operational re- 
search consists of the application of the methods of scientific research to 
problems arising in administration and planning.” By “methods of 
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scientific research” is meant that combination of observation (including. 
surveys), experiment, and reasoning (both deductive and inductive), 
which scientists are in the habit of using in their scientific investigations. 
Consequently operational research workers must be capable of: 

(a) making use as far as possible of existing data, even when such 
data have not been collected by rigorous sampling methods, 

(b) designing and carrying out sampling surveys, and making a 
critical analysis of the results of such surveys so as to draw the correct . 
conclusions, 

(c) designing and initiating experimental investigations and apprais- 
ing their results, and the results of previous experiments, 

(d) integrating the evidence from all these sources into a co-ordinated 
whole, and. presenting the relevant portions to the administrators (with 
whom there should be close and continuous collaboration). 

Two examples of operational research in the agricultural field are 
described. The first on the utilization of fertilizers, was instituted in 
order to determine a satisfactory wartime fertilizer policy for the United 
Kingdom. The work fell into two parts: a critical statistical summary of 
all fertilizer trials carried out in the United Kingdom since 1900 was 
prepared in order to determine the average responses of the various crops 
to the different fertilizer components; and a survey of fertilizer practice 
was instituted to see how farmers used their fertilizers. This survey was 
carried out on a random sample of farms, stratified by county and size 
group, with a variable sampling fraction. The results of this work enabled 
the need for fertilizer imports to be correctly assessed, and also resulted in 
improvement in the fertilizer rationing scheme, and in the use of fertilizers 
by farmers. 

The second investigation (at present in progress) is one on the growing. 
of potatoes. A survey of agricultural practices, etc., is being made on 
a random sample of farms, selected in a similar manner to the survey of 
fertilizer practice with sampling fractions proportional to the acreages 
of potatoes which the farmers express their intention of growing. Two 
visits are made to all selected farms. At the second, made as late as 
possible before lifting, objective estimates of the yields are obtained by 
lifting four sample lengths of row, each of approximately two metres, 
from each of the sampled fields. A third visit is paid to a sub-sample 
of 1 in 10 farms to determine the amount of potatoes remaining in the 
ground. In 1948 the average yield given by the sampling was 1.2 tons 
per acre (30 m. quintals per hectare) greater than the official estimate 
after allowing for potatoes left in the ground after harvest, change of 
riddle size, and correction for headlands (uncropped areas), etc., included 
in the acreage. 


Some Uses of Statistics in the Building Industry: An Investigation into the 
Erection Time of Nine Types of Non-Traditional Houses. 

Dr. J. BRONOWSKI (Statistical Section, Chief Scientific Adviser’s Division, 
Ministry of Works). 

J. Royal Statistical Society, 112 (Part III), 1949. pp. 287-303. 
The paper presents some statistical results of an investigation by the 

Ministry of Works into manpower consumption in building various. 
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types of houses. There were under consideration nine non-traditional 
types (precast concrete, poured concrete, timber, etc.), erected in groups 
of about 50 at ten different sites, one type to a site, and the traditional 
brick house, erected at four different sites. The objects of the part of 
the investigation dealt with in this paper were to measure the manhours 
required to erect each type of house, to determine whether some types 
were significantly more economical than others, and to forecast average 
production times which would help in planning future sites. 

In order to compare the widely differing constructional methods it 
was found desirable to split up the building process into a number of 
categories, each consisting of groups of operations, such as preparing 
foundations, erecting walls, ceilings, etc. All labour was classified in 
this way, either directly for each house or block of houses by continuous 
observation by teams of observers, or by apportioning the manhours 
for the whole site between the individual houses after completion. The 
latter method was used for labour in site-clearance,; auxiliary services, etc. 

The manhours worked in each category were averaged over each site, 
and then averages were adjusted to eliminate the delays which usually 
occurred in the building of the first few houses. (Most sites showed a 
trend of this type, the construction time levelling off to a fairly steady 
figure.) These averages were not however considered to be very informa- 
tive for comparison of the different building schemes as they took no 
account of difference in site conditions. It was therefore desirable to 
find a statistical treatment which would estimate the site effects, although 
the experiment had not in fact been designed to facilitate this. 

The final results were sufficient to show that under average site- 


conditions the superstrucure of certain of the non-traditional houses could 
be erected with less labour than was required for the traditional brick house. 
An incidental discovery was that the manhours spent on particular jobs 
followed a log-normal, not a normal, distribution. 


Operational Research. 

CHARLES F. GoopeEVE (Director, British Iron and Steel Research Associa- 
tion). 

Nature, 161. 13th March. 1948. pp. 377-398. 


The author uses the words “‘quantitative common sense’”’ to describe 
operational research, but of the various specific definitions he prefers 
that due to Kittel. Examples of operational research during the war are 
given to interpret the meaning of the word “operations”. 

The paper surveys the methods used in operational research. The data 
available may be limited and based mainly on “experience”; provided 
the data are sound, however, one should not be deterred from attacking 
a problem simply because they are limited, particularly if the problem is 
urgent. The data may be supplemented by special studies or by the use 
of models and controlled experiments; very often parts of the picture can 
be filled in by theoretical deductions. The use of statistical and mathe- 
matical techniques for the analysis of results and determination of proba- 
bilities is indicated, and it is stressed that statistical correlations should 
be supported by a study of causal links determined from theoretical or 
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other independent considerations. Numerous examples, mostly derived 
from wartime experience, are given to illustrate the methods. 

A final section refers to developments of operational research in 
peacetime and to the future. The use of operational research in problems 
of flow is illustrated by reference to traffic problems both rail and road, 
where operational research units are already at work. An example of 
its application to productivity and output is the study of productivity and 
O.H.P. (operator hours per unit of production) in the cotton industry. 
Inspection and maintenance problems provide other fertile ground for 
the application of operational research in industry. The methods should 
help to narrow the gap between discovery and application by providing 
a more accurate assessment of the pros and cons concerning a particular 
development. 

The author believes that the methods themselves will be developed by 
borrowing from other branches of science. For example, the concepts 
of force and equilibrium find their counterpart in the wider fields of 
operations and common characteristics are found between the fields. 
More specifically the phenomena of self-compensating and self-aggravating 
systems, well known to the physicist, can be found in the operations of 
a transport system or the distribution of a commodity such as cigarettes. 


1. Contribution of Psychological Data to Economic Analysis. 
GEORGE KATONA. 


2. Sampling Methods and Sampling Errors in Surveys of Consumer Finances. 
GOODMAN and MAccosy. 


3. The Sample Interview Survey. 
RENSIS LIKERT. 


4. Financial Surveys among Consumers, 
KATONA. 


5. Sampling Errors and Components of Interview Costs in Relation to 
Sample Design. 
GOODMAN and CANNELL. 


6. Sampling for the 1947 Survey of Consumer Finances. 
GOODMAN. 


The Survey Research Center, University of Michigan. 


Katona (1) points out, with the aid of several examples, that economic 
theory is concerned with many factors also of interest to the psychologist. 
He therefore sets out in this paper “‘the theory of what may be called 
‘economic psychology ’”’. 

The need to supplement collection and extrapolation of aggregate 
data is stressed. The writer sees in the sample interview survey a tool of 
economic research which may be used to this end. Reference is made 
to savings enquiries carried out in the United States by the Department 
of Agriculture and other bodies. The measurement of attitudes and 
opinions is seen to have economic applications, especially in the field of 
economic prediction. He also makes a case for the study of “‘inter- 
vening variables’ by sample survey methods—the exploration of correla- 
tions observed in aggregate data with a view to their interpretation. 
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Human motivation and its problems of multiple motivation, hidden 
motives, rationalizations and so on are considered to have significance 
in economic behaviour studies. He points out that a considerable body 
of knowledge is already available in this field and needs only adaptation 
and validation in its economic role. 

The simple direct question, he considers, is too often asked, and too 
often expected to give valid results by market research organizations. 
Illustrations are given based on some surveys carried out by the Survey 
Research Center. 


Goodman and Maccoby (2) describe in simple non-statistical terms 
the method of sampling used by the Survey Research Center, for surveys 
of financial data. They point out that highly skewed distributions are 
frequently encountered in such types of data, and that, in such cases, the 
median has a smaller sampling error than the arithmetical average and 
is therefore often preferred by them. 


Rensis Likert (3) regards the sample interview survey as ‘‘a funda- 
mental tool of the social sciences’. In the booklet noted above, he de- 
scribes the methods of the Survey Research Center mainly from the non- 
sampling point of view. 

He describes his attempts to use attitude scales in the economic field, 
but concludes that frequently single attitude questions were preferable 
to batteries. He states, ‘‘a single good question would measure attitude 
with adequate reliability for most group purposes . . .” and he prefers 
“asking fewer questions on each attitude continuum and more questions 
on such variables as where the attitudes came from, past shifts in attitudes, 
and factors associated with these shifts’. 

He is emphatic on the point of good interviewer-interviewee rapport. 
It seems that his preferences are for open, or open-ended questions, rather 
than restricted category or dichotomous frames. Short descriptions of 
pilot studies and pretestings are given. Examples of the uses of sample 
interview survey data are given but are, in the main, the same as those 
already summarized in (1) above. 

The booklet ends with a short bibliography of survey theory and 
methods. 


Katona (4) gives a different slant to the features covered in (1), (2) 
and (3) above. He develops more fully the economic implications of 


specific projects. 


Goodman and Cannel (5) provide an interesting discussion of costs 
of sampling relative to efficiency. The additional costs of recalling upon 
informants who were absent from home when the interviewer first called 
are studied in some detail. They find that 45% of informants are con- 
tacted at the first call, 35% at the second, and 20° at the third or subse- 
quent calls. Variations between town and country and other factors 
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are analysed. The total cost is broken down into the following components: 
(a) Interviewer’s time in locating informant 
(b) Transportation charges 
(c) Interviewing time 
(d) Re-writing time 
(e) Practice and study. 
Two types of cluster sampling are studied with examples, and it is found 
that the ratios of the cost of locating the informants to the cost of actual 
interviewing time were 1.76 and 1.81. 


Goodman (6) describes the system of sampling used by the Survey 
Research Center in some detail. Stratification and sampling with proba- 
bility proportional to size are illustrated by specific projects, designed 
around the information available from censuses carried out in the 
United States, and utilizing the records of the Department of Agriculture. 


Labour Organisation in Milk Production. 
Cambridge University Department of Agriculture, Farm Economics Branch 

Rpt. 32, Feb. 1949. 39 pp. 

This report is based on a survey of 140 milk producing farms in 
East Anglia and deals with the cost and organisation of labour for 
the actual process of milking together with feeding, cleaning sheds and 
dairy work. 

The first part of the report is an analysis of the costs in the farms sur- 
veyed. The farms are grouped according to type of building (cowshed, 
yard and milking shed); method of milking (hand or machine); size 
of herd. The manhours per cow per year are analysed. The yield of 
milk per cow is approximately the same in each group (about 700 gals. 
per year) and the majority produced designated milk and recorded yields. 
In the cowshed group it is found that the saving in hours by bucket 
machine milking compared with hand milking fully justified the cost of 
the machine even with the smallest farms (average 10 cows) provided, 
of course, that the manhours so saved can be profitably employed 
elsewhere. The yard and parlour system is found on the average to be 
more economical in manhours than the cowshed with bucket machine 
milking with herds of about 40 cows, the yard and cowshed being inter- 
mediate between the two; the greatest saving is in cleaning sheds. But 
examination of individual results shows a considerable variation within 
each group due to differences in work routine and convenience of buildings. 

The second part of the report is a detailed task analysis of the actual 
process of milking and feeding, involving the recording of the order in 
which operations are carried out, the time taken and the distance travelled. 
An attempt is made to formulate general principles for a good routine and 
the important effect of the layout of the buildings on the distance travelled 
per cow is considered. 


Readers are invited to apply to the Editors for copies of abstracted 
papers not obtainable in the normal way. 
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CORRESPONDENCE 


Sir,—I was interested to observe in the first number of the Operational 
Research Quarterly that Dr. Kittel’s definition of O.R. as “a scientific 
method for providing executive departments with a quantitative basis 
for decisions’”’ appears to be gaining general currency. It is mentioned, 
in slightly differing forms, five times in the one issue. It has always 
seemed to me that this definition says too little about the nature of O.R. 
(merely that it is a “scientific method”) and too much about its purpose 
(‘for providing executive departments, etc.”). Some time ago, when a 
member of the Ministry of Transport’s O.R. Group, I proposed an alter- 
native definition that does not have these objections. I should be 
grateful to receive comments on it from your readers. It is as follows: 


‘Operational Research is the scientific study of the effectiveness 
of operations, an operation being defined as any human activity 
in which a certain set of means is directed towards the achieving of 


a certain set of ends” 


If it is objected that this definition goes to the other extreme and fails 
to emphasise the utilitarian purpose of O.R., then the following ampli- 
fying sentence may be added: “‘Jts principal function is the making of 
recommendations as to how the effectiveness of the operation may be 
maximized’’, but | feel that the inclusion of this statement of purpose in 
the definition makes it rather too long. A point on which | should par- 
ticularly like other people’s views is whether or not the word “human” 
should be included in the proposed definition. Can we not conduct an 
O.R. investigation into a purely mechanical organisation, say a highly 
complex but fully automatic manufacturing process ? 


There is one further point I should like to raise. It will be noted that 
the proposed definition implies that all the activities studied by O.R. 
workers possess a common “‘structure’”’; more precisely, that they involve 
a set of “‘means’’ and a set of “‘ends’’, and that in every case some 
quantitative assessment of the ‘‘effectiveness”’ of the activity is required 
(‘worth of ends’’/‘‘cost of means’’, for example). This I believe to be 
a fact. I believe, moreover, that it is a fact of the greatest significance, 
since the possession, by all operations, of this common ‘“‘means/ends/ 
Effectiveness”’ structure provides a common language in which the tech- 
niques and experiences learned in widely differing O.R. fields can be 
described and discussed. It also explains why the techniques and experi- 
ences learned in one field can so often be applied in another. Finally it 
means that O.R. is not merely the ad hoc application of the scientific 
method but is itself an applied science with a precise theoretical basis. 


Yours faithfully, 


24, Silverknowes Drive, E, PARKER. 
Edinburgh, 4. 





OPERATIONAL RESEARCH CLUB 


On its foundation the Operational Research Club defined itself in this 
way: 
“The Operational Research Club is intended to be a small informal 

group of people who are working in or are concerned with problems 
associated with Operational Research. The club has been organised 
so that its members may meet together to discuss problems connected 
with their work and to assist in the development of the methods of 
Operational Research.” 

The word ‘Club’ was deliberately chosen to suggest the informality 
of the group, as it was felt that free discussion and interchange of ideas 
were the first essentials, and the fewer the rules the freer the Club’s develop- 
ment would be. 

Accordingly a limit has from the beginning been placed on the number 
of members so that the proceedings do not become too weighed down 
with rules of procedure and the discussion is kept technical and to the point. 
Membership of the Club requires election by the Committee and each case 
is separately considered on its merits. 

The Club dates from April 1948 when a few of those who had taken 
part in the successful development of Operational Research during the 
war, and who had had occasional, informal meetings to discuss their 
work, agreed among themselves to act as convenors and asked Mr. J. A. 
Jukes to become its first honorary secretary. The Club is thus just three 
years old. During this time it has met some seventeen times in the 
rooms of the Royal Society; six times during each session, roughly 
from September to May. The subjects which have been discussed 
include: Operational Research in agriculture and the cotton, steel, boot 
and shoe, and coal industries, cubic proportion in election results, traffic 
flow in cities and maintenance problems in industry. These meetings 
have been kept confidential and no formal record has been taken of the 
proceedings. Papers are read by members or by specially invited speakers, 
and the Club also invites appropriate guests for particular meetings. In 
addition the Club has taken an active part in encouraging courses for 
Operational Research workers, a particularly successful one was that 
arranged jointly with University College, London in 1949. 

So far in its short life the Club has shown every sign of vigour, of which 
this Quarterly is the latest manifestation. The number and quality of 
applications for membership (there is usually a waiting list) seems to show 
that its existence meets a need. 





The last meeting of the Spring session of the Operational Research 
Club was held on April 20th, when Dr. Bell gave a talk on Operational] 
Research Work in Air Traffic Control, in which he referred particularly 
to O.R. work on the organization of London Airport. 

Discussion turned on certain of Dr. Bell’s statistical interpretations, 
on the differing problems presented by civil and military air traffic, and 
on some problems of human behaviour such as customs shed procedure. 
Dr. Wansbrough-Jones was in the chair. 
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EDITORIAL NOTES 


Some of the problems facing the operational research worker wishing to 
communicate the methods and results of his work to workers in other 
fields were discussed in these notes in our last issue. 
problems of the would-be reader are equally great, faced as he is with the 


The converse 


task of examining and selecting from the mass of papers appearing in 
the scientific periodicals of the world. How far the efforts of the various 
abstracting agencies bring this task within the bounds of possibility is 
a question to which statistical analysis can indicate an answer. 

In his book Documentation (Crosby, Lockwood & Son; 1948) Dr. C. S. 

Bradford made this attempt and reached some important and alarming 
conclusions. About 750,000 useful scientific papers are recorded every 
year in 15,000 recognized scientific periodicals; a further 20,000 scientific 
periodicals contain mostly matter of less importance. All the 300 abstract- 
ing and indexing periodicals together publish 750,000 abstracts or refer- 
ences. But these abstracts refer to only about 280,000 different papers, 
less than half the total useful papers published. Any paper which is 
once abstracted thus becomes abstracted on the average 2.7 times, while 
a large number of useful papers, indeed 63 per cent., are never abstracted 
at all. 
As a specific example, papers on electro-technology were considered. 
Dr. Bradford deduces that there were probably about 24,000 useful articles 
published during the year examined. About 11,500, less than half, were 
notified by any of the 21 abstracting periodicals 11 of which specialized 
in this field, the remainder covering pure science and engineering. As 
the abstracting periodicals gave 45,000 references the repetition factor 
was 3.9. 

There is also the problem of the scatter of articles on a specific subject 
among different periodicals. Dr. Bradford gives the results of study 
of all the references in the current bibliographies of applied geophysics 
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and of lubrication prepared in the Science Library. These bibliographies 
were selected as containing many more than the usual proportions of 
references. It was found that in a four year period for geophysics four 
hundred odd references were to be found in 9 periodicals specializing 
closely in the subject, and an equal number in 59 related periodicals. 
But a still further equal number was spread over 258 periodicals, generally 
with only one article each over the four years. Similarly for lubrication 
ovér a two year period, one hundred references could be found in 7 
periodicals, but 14 would have to be read to cover another hundred 
and 40 for the third hundred still leaving many beyond. 

So far was this tendency observed that when Dr. Bradford plotted 
the cumulative total of the references against the logarithm of the cumu- 
lative total of periodicals the curve became a straight line after the first 
group of large producers. From this a law of distribution of papers was 
stated; if scientific journals are arranged in order of decreasing pro- 
ductivity of articles on a given subject, they may be divided into a nucleus 
of periodicals more particularly devoted to the subject, and several 
groups or zones each containing the same number of articles on this 
subject, m, whereupon the number of periodicals in the nucleus and 
succeeding zones will be as 1 :n: n”. 

If these startling conclusions are to be reached from the consideration 
of papers in specific fields, how much more daunting is the problem facing 
the reader seeking operational research material, even if he knows in 
what field the work as a whole has been carried out. If his search and 
interest is more general (as it is bound to be if he is an operational re- 
search worker himself) the task, unaided, is impossible. This is the justi- 
fication for the existence of this Quarterly, and the reason why the sub- 
scription list now comfortably exceeds 600. It is significant that of the 
44 papers abstracted in our first three issues 40 are taken from no less 
than 27 sources, and four are of unpublished papers. 

We make no apology, therefore, for repeating our plea that authors 
will notify us of the publication of papers of interest to readers of this 
Quarterly, and that our readers will assist us to cover the tremendously 
wide field by drawing the editors’ attention to papers that it might be 
useful to notice. 


OPERATIONAL RESEARCH CLUB PROGRAMME 


The first meeting of the Autumn session of the Operational Research 
Club will be on October 25th, when Dr. P. Schiller of the British Elec- 
tricity Authority will give a paper on Operational Research in Electricity 
Supply. The Club’s Annual General Meeting will precede the paper. 

It is intended to hold one other meeting before Christmas, when Sir 
Charles Goodeve will give a paper on the Laws and Methods of Physics 
Applied to Social Problems. Four meetings are planned for the New 
Year, which will include a paper by Dr. C. H. Waddington and others 
on O.R. in Livestock Breeding; a paper by Dr. Norman Wright on the 
National Food Survey and a paper by R. T. Eddison on Some O.R. 
Problems in the Steel Industry. 
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OPERATIONAL RESEARCH AND 
DEFENCE IN THE 
COMMONWEALTH 


The 1950 Meeting of the Commonwealth Advisory Committee on Defence 
Science under the chairmanship of Sir Henry Tizard was opened in London 
by the Minister of Defence on July 3rd, 1950. Its discussions were continued 
at Cambridge where senior defence scientists and serving officers of the 
United Kingdom, Canada, Australia, New Zealand, South Africa, India and 
Pakistan endeavoured to resolve defence problems of common interest. 
Distinguished scientists from non-defence spheres were also invited to be 
present at those parts of the Conference where their expert knowledge and 
experience could be of value to the discussion. 

We reproduce the paper on Defence Operational Research submitted by 
the United Kingdom delegation, and a necessarily very brief report of the 
discussions on the subject which took place at Cambridge. The paper, we are 
informed, ‘‘is the result of considerable editorial effort on the difficult task 
of producing a paper which integrates the diverse and sometimes conflicting 
views of the three service ministries in this country.” 


THE PURPOSES AND PRINCIP: 2S OF DEFENCE OPERATIONAL RESEARCH 


Operational research is not new. It is in general the systematic use of the 
scientific method for providing quantitative information to help adminis- 
trators and commanders to arrive at correct decisions. Many attempts 
have been made to define operational research precisely, but no one has 
yet succeeded in producing a definition which is compact and at the same 
time descriptive of the very wide field of activity which comes under the 
heading of operational research. The work which has in the past been 
done in the defence services under this title may be divided into four 
categories: 

(i) The assessment of the performance of weapons or equipments. 

(ii) The analysis of the efficiency of organisations or methods. 

(iii) The analysis of operations or exercises to obtain quantitative in- 
formation which may be used in making policy decisions about 
operations or about the provision of weapons or equipment. 

(iv) The assessment of the probabilities of success in future operations, 
either by the interpretation and application of the data gathered 
from studies of types (i), (ii), or (ili), or from first principles. 

The purpose of the work is to provide as much quantitative information 
as can be obtained, to help in the making of decisions. There are, never- 
theless, some factors which, although they greatly influence the course or 
conduct of the operations of armed forces, cannot yet, with the techniques 
now available, be quantitatively assessed or compared. Operational re- 
search is only an adjunct, although a very powerful one, to the experience 
and judgement of the responsible administrators or commanders. It can, 
of itself, do much to reveal inconsistencies in aims and policy, and can 
help to translate these aims and policies into technically realisable pro- 
jects. It can also reveal new possibilities. 
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Work related to the performance of weapons or equipment falls 
roughly into two categories, though these are by no means exclusive: 

(a) Theoretical weapon analysis which is carried out during the develop- 
ment stages, and must therefore be done in close association with 
the research and development team. It is intended to assist the 
research and development team to direct their efforts along lines 
which will result in the maximum degree of operational effectiveness 

_ being achieved. 

(b) Operational weapon analysis which is carried out after the weapon 
has gone into operational service, in order to discover the practical 
behaviour of the weapon. This type of work is best done by the 
operational research organisation. 

The results of both types of assessment constitute valuable material for 
use in dealing with work of the type covered by categories (iii) and (iv). 

The second type of work mentioned in paragraph | is called ‘‘Organisa- 
tion Research”, ‘Administration Research” or ““Methods Research’. It 
involves the study of organisations and systems in order to discover 
exactly what happens, whether it ought to happen, and if it must happen 
whether it does so with the maximum efficiency and the minimum wasted 
effort. It is very similar to that sometimes described in industry as 
“Efficiency Analysis” and the techniques of time and motion study are 
used extensively in this type of work. 

The type of work covered by categories (iii) and (iv) is descriptive of the 
major part of the work done by the operational research organisations of 
the defence ‘services. To carry out their work, the members of these 
organisations must have unrestricted access to the operational facts, and 
be allowed to decide what additional! data should be collected and, if 
necessary, to assist in the design of any operation or manoeuvre arranged 
with the object of obtaining data. They must have facilities for keeping 
close touch with the forces in the field and at the same time have ready 
access to the aggregate of facts gathered from the entire force. Only if 
the organisation is a part of the command headquarters organisation will 
they be in a position to satisfy both of these requirements. The methods 
which will be employed to evaluate the material then collected will vary 
considerably from problem to problem, but generally, in the defence field, 
all problems will be found to be amenable to one or more of the approaches 
described in the following paragraphs: 


Descriptive Method 


Whatever type of analysis proves in the end to be best, the first stages 
of any investigation should include an examination of the problem to 
determine its essential character, the object which it is hoped to achieve, 
and the difficulties which prevent its achievement. The process can be 
assisted by grouping, tabulating or representing in diagrammatic form the 
information available from operational records or log books. In this way 
a synoptic view of the situation is obtained which in many cases in the 
past has enabled reasons for success or failure to be adduced without 
further analysis. There have been cases where merely the conscious 
examination of a problem has led to conclusions of great importance. 
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Variational Method 
The variational method follows standard scientific practice in examining 
the shape of what might be called the partial differentials, and can be used 
in varying degrees of complexity according to the nature of the problem. 
The process followed may involve: 
(a) A description of past events and an assessment of the probable 
result if one or more of the factors involved had been changed. 
(b) A comparison of the performance or achievement of different 
groups, to enable the degree of variability, and the reason for the 
variability between groups to be determined. 
(c) A search for the factor which is the most important in determining 
the final result or performance. 


Statistical Method 

The statistical method is a powerful tool in operational research. The 
more complicated of the defence problems can usually be studied scienti- 
fically only by the use of such statistical techniques as the analysis of 
variance, and simple and multiple correlation. However, before any 
decisions based on the conclusions reached are made, the significance of the 
results must be fully tested. The circumstances of war often justify less 
rigid levels of significance than are admitted in the more cautious days of 
peace. 


Theoretical Method 

There are certain aspects of some operations which are susceptible to 
appreciation by pure mathematical methods. This type of approach is- 
most valuable where there is a dearth of operational data. A variety of 
analytical methods is available, but often the more difficult part of the 
process lies in the determination of the variables which require analysis. 
and in the assessment of their probable value. It is, indeed, extremely 
difficult, particularly when future operations are being considered, to 
ensure that all the variables which will operate in the future have been 
thought of. In the more limited field of weapon assessment under certain 
stated conditions, theoretical calculations can be of great value in assess- 
ing probable performance. 

A large proportion of operational research problems exhibit common 
features or fall into well defined categories. 

Past experience has shown, for instance, that in some operations certain 
factors have quite a remarkable stability. The search for, and evaluation of, 
such stable factors is extremely important and necessary, but if when found 
and evaluated they are used to extrapolate over long periods or to cover 
widely differing conditions their stability should be checked from time 
to time. 

Many operational systems will be found to be either “‘self compensating” 
or “‘self aggravating’. The self compensating system may, in many cases, 
well be left alone, but the self aggravating system can have most serious 
consequences in the armed forces. The definition and determination of 
indices which will enable the early signs of deterioration of a system to be 
quickly recognised is a very important requirement, and the study of the 
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factors which determine whether a system belongs to one or other of 
these groups might prove to be a fruitful field for research. 

The ‘“‘search’’ problem, in which an observer seeks a target in some 
specified space, and the “‘flow” problem, whether it concerns the flow 
of men or materials, are problems of general application to the operation 
of the defence services, and general or specific solutions can usually be 
found. 

One particularly important class of defence operational research prob- 
lem concerns the study of exchange rates between opposing forces. These 
studies can be carried out for specific tactical operations in terms of men 
or equipment, or in the more generalized form in terms of the total cost 
for major strategical operations. 

In the case of tactical studies, particularly those relating to weapon 
assessment, investigations are often limited to examinations of particular 
situations. It may be very important to extend such examinations so as 
to determine the relative rates at which a tactical advantage could be 
developed by the opposing forces. 


Conclusion 


In conclusion, it may be said that operational research should never 
be regarded as an expensive luxury, only to be afforded after all other de- 
mands on scientific effort have been met. It is in fact when the demand 
for scientific effort exceeds the supply that operational research will have 
its most effective applications in ensuring that the available resources are 
used in the best way. Although it is only since the beginning of the last 
war that any organized attempt to apply these methods to tactical and 
strategic problems has been made, enough experience has been gained 
to justify the statement that in no other field are such high dividends 
obtainable for so little effort. 


DISCUSSION 


The subject of operational research was introduced to the Committee 
by E. C. Williams, Director of Operational Research, Admiralty. He 
thought that operational experiments were of the greatest importance, 
and regretted the omission of the experimental method from the United 
Kingdom paper. There was much to be said for direct inquiry in most 
cases. He was anxious that any identification of operational research 
with statistics should be avoided; in his opinion the statistical method was 
only a tool, and not the most important tool, of operational research. 
Dr. Solandt, of the Canadian delegation, emphasised the fact that the 
ecological (as distinct from the statistical) type of problem was more likely 
to arise in army operational research than in studies of naval and air 
operations. 

A large part of the discussion concerned the qualities needed in 
the operational research worker, and problems concerned with his 
employment and career. While it was generally agreed that the work 
included a proportion of mathematical and statistical problems, it was 
claimed that they were insufficient either in number or quality to hold 
the interest and enthusiasm of those mathematicians and theoretical 
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physicists who wished to continue to practise and develop their particular 
techniques. It was suggested that both laboratory and operational re- 
search teams benefited from interchange of staff, provided that this did 
not unduly disrupt the necessary continuity. Some interchange of opera- 
tional research workers between the Services has already taken place, and 
is to be encouraged. The United Kingdom is to consider helping to train 
operational researchers from other Commonwealth countries, and it was 
suggested that it might be useful to approach the civil agencies in the 
United Kingdom to assist in this. 

It was interesting to note that the serving officers at the meeting ex- 
pressed unqualified approval of the increasingly important part played 
by operational research in military affairs. 


AMERICAN COMMITTEE ON 
OPERATIONS RESEARCH 


The National Research Council, organised jointly by the National 
Academy of Sciences and the National Scientific and Technical Societies 
of the United States, last year formed a committee on operations research 
with Dr. Horace Levinson as chairman. A preliminary conference had 
been called in June by the Council, and since then the Committee has been 
engaged in organization and in mapping out a programme that is expected 
to take from 3 to 5 years to carry out. 

The Committee adopts as a working definition of operations research: 

‘the application of the scientific method to the study of the operations 

of an organisation in order to improve its effectiveness in carrying out 

its basic purpose” 
and accepts it as an applied science for which methodology exists, and 
for which standards of practice and training can and should be developed. 
The encouragement of such development, and the promotion of wide- 
spread understanding of operations research, as well as its own estav- 
lishment as a clearing house for information the Committee accepts as 
its chief functions. 

These tasks it proposes to carry out in a programme that will include: 

(1) Formulation and publication of an adequate definition of opera- 

tions research; 

(2) Formulation of a training programme, including provision for: 

(a) development of senior men as directors of operations research 
(b) training of junior men. 
(3) A survey of existing manpower; 
(4) Conduct of conferences on: 
(a) current applications of operations research; 
(b) academic training programme. 

(5) Publication of relevant material on operations research. 

Initially the Committee intends to produce a pamphlet to describe 
and distinguish operations research for the benefit of business men, 
scientists and educationists, and to develop plans for a conference, 
probably on current applications of operations research. 

The executive secretary of the Committee is Dr. A. A. Brown, 8 Tauxe- 
mont Road, Alexandria, Virginia. 
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ABSTRACTS 


Ripping Forest Soils by Horse-drawn and Tractor-drawn Implements. 


G. CALLIN. 
Middelanden fran Statens Skogsforskningsinstitut’ (Stockholm). 38.1. 

1949-1950. 

Ripping the forest soils is commonly carried out in Sweden to secure 
germination of the falling seed, both for natural reafforestation and before 
manual seeding. The principle is to lay bare the mineral soil in spots 
which must be of sufficient size and frequency. This may be done by 
hand-hoeing or by horse- or tractor-drawn implements. This report 
describes work to determine the efficiency of a number of horse- and 
tractor-drawn implements on a cost basis. 

The first problem is to evaluate the work done, that is the number 
and size of the spots. Little is known of the comparative value of various 
sizes of spots, so the method adopted may be regarded as an approxima- 
tion. Asa basis of comparison a “standard spot” was chosen 35 x 35 cm. 
Spots of various sizes were then evaluated in terms of standard spots as 
follows: if the size of a spot were sufficient to place 2, 3 or 4 etc. seedlings 
spaced 1.5 metres apart such a spot would be given a value of 2, 3 or 4 etc. 
standard spots. The area of the spots obtained was plotted against their 
equivalent standard spots and a curve obtained which could be expressed 
by the formula el 

vy=14+1.9x —10 9.2% 
where y =equivalent standard spots and x =average spot area. 

The effective man-hours for hand-hoeing were found to be between 
5-10 man-hours per 1,000 standard spots. Using a variety of horse-drawn 
implements the figure was between 2.7-7 man-hours per 1,000 standard 
spots. On the average the cost using horse-drawn implements (including 
wear and tear of implements, cost of horse, etc.) was 72°4 of the cost of 
hand-hoeing. The implements, however, put a severe strain on the horse. 

The man-hours required for tractor-drawn implements showed very 
wide variation (from 0.46-1.60 man-hours per 1,000 standard spots) 
depending particularly on the type and number of implements drawn. 
The cost of ripping with the most suitable tractor-drawn equipment is 
approximately the same as the cost with the best horse-drawn equipment. 


Expert Studies as an Aid to Efficiency. 

GEOFFREY HEYwortTH (Lever Bros and Unilever Ltd.). 
Economist 159, 29th July, 1950. pp. 240-242. 
(Chairman’s Speech at Annual General Meeting.) 


Improvement in productivity per man-hour is one method of reducing 
cost, although it may not always be the most important one. Lever 
Brothers and Unilever Ltd. have at present an expert team of fourteen 
production study engineers based on London and Rotterdam. These 
engineers are available to work out programmes for production studies 
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with the managements of the various factory units. They are also con- 
cerned with training, within the factory units, experts whose duty it is 
to operate the plans after they have been accepted. 

The first step in any study is to secure the effective co-operation of 
all concerned—management and workers. All factories throughout the 
organization are expected to accept the necessity of productivity studies 
by experts; this applies to those thought to be efficient as well as to those 
thought to be less so. Moreover, the benefits that accrue are considered 
as redounding to the credit of the management and are not regarded as 
a criticism of past performance. Full acceptance of studies by the workers 
is only possible if they are convinced that they will benefit (either by having 
to exert less effort or by getting higher pay) and will in no circumstances 
have their pay reduced or be discharged. Thus a full explanation of its 
methods and objects to ensure its complete acceptance by all is the first 
step in any study. 

Studies are considered under three headings: (a) iayout and equipment; 
(b) organization of work; (c) human factors. 

It is usually impossible to make a fresh start to lay-out in existing 
factories but even in a poorly designed factory methodical planning can 
often improve the flow of production. The quality of equipment is 
found to be of great importance; Lever Brothers and Unilever Ltd. have 
many plants of various ages and this provides an opportunity to study 
the effect of different equipment. 

The organization of work includes studies into the flow of production 
Constant changes of product, e.g., to produce packings of many different 
sizes, causes interruption of flow; one problem is to relate the advantage 
of supplying many varieties to suit every taste with the reduced pro- 
ductive efficiency and consequently higher cost resulting from the lack of 
standardization. Motion studies of the movement of individual workers 
are also very important and may result in big improvements even in highly 
mechanized factories; for example such a study of mechanical packing 
in one soap factory resulted in an increase.in productivity of 20 per cent. 

Under human factors are included studies of supervision and incentive 
schemes. 


Operational Factors and Operational Yields. 
E. PARKER and L. S. Le PAGE (Operational Research Group, Ministry of 

Transport). 

J. Inst. of Navigation. Aspects of Marine Radar: A Symposium of Papers. 

2. 1949. pp. 95-104. 

This paper studies the contribution made by radar towards promoting 
the efficiency of the Merchant Navy. The approach adopted is to con- 
sider: 

(a) The aspects that determine the effectiveness of marine radar. For 

these the term operational factors is proposed. 

(b) The benefits obtainable from marine radar. For these, the term 

operational yields is proposed. 

The operational factors are then listed. The first considered is the 
set itself of which the features are the operational facilities provided, ease 
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of operation of controls, accuracy of the picture, power of the set, and 
so on. Then follow other main factors, such as handbooks, operating 
policy, observer, etc. The characteristics of the observer are given as his 
general understanding of the capabilities and limitations of radar, and his 
experience and skill in operating the controls and interpreting and apply- 
ing the information. 

The authors then point out that the principal yields will be savings in 
worry, casualties and time. Reference is made to a survey to determine 
the effect of radar upon casualty rates; and some figures are quoted for 
possible economic savings were all U.K. shipping radar-fitted. 

Port delays are discussed separately. It is remarked that in certain 
circumstances the collective time lost by ships in fog is proportional to 
the square of the fog’s duration. 

The paper concludes by suggesting that were all the factor/yield 
relationships to be established, an all-embracing operational equation 
could be written down to show just what yields in terms of savings of 
casualties and time could be expected in given conditions and circum- 
stances. 


Research on Road Safety and Traffic Flow. 
R. J. SMEED and G. T. BENNETT (Road Research Laboratory, D.S.I.R.). 
Inst. Civil Engineers, Road Paper No. 29. 1949. 38 pp. 


In this paper on work of the Road Safety Board, Part I (by Dr. Smeed) 
describes a number of researches of particular interest to road engineers. 
In the second part of the paper G. T. Bennett discusses the relationship 
between the research workers and the engineers, and formulates some 
practical problems which in the past have generally been solved without 
scientific analysis. 

After comparing accident statistics from the United States with those 
of the U.K., Dr. Smeed states the results of some investigations into 
accident rates on various roads in this country. The number of accidents 
per million vehicle-miles has been calculated for different types of road 
in rural and built-up areas. Attempts are being made to determine the 
relationship between the accident rate and traffic flow: preliminary results 
suggest a linear relation. 

Measurements of traffic flow, speed, journey time, number of parked 
vehicles, type of vehicle, etc., are made by many methods. These include 
automatic recording strips on the road surface, travelling observers, and 
aerial photography. By making “before and after’’ studies in this way 
it is now possible to assess quantitatively the effects on road users of 
changes in road conditions, such as, for example, parking regulations, 
speed restrictions, traffic lights and one-way systems. The studies show 
whether the intended effects of these devices are achieved: in some cases 
unexpected consequences are revealed. 

London traffic in particular is being intensively studied, and a great 
deal of useful data on speeds, delays, chance of delay, etc., is being 
amassed. Calculations of the capacity of roads have led to investigations 
into the headway (distance between successive vehicles) allowed by drivers 
in a traffic stream at various speeds. A relationship between headway 
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and speed has been deduced, and its implications are discussed. 

The first part of the report concludes with descriptions of experiments 
to measure skidding and reflecting properties of road surfaces. One of 
the results in this connection has been the introduction of white strips 
to mark pedestrian crossings. 

In Part II (“Practical Considerations’’) G. T. Bennett makes a strong 
case for greater cooperation between scientists and engineers, and dis- 
cusses many problems requiring quantitative solutions. The segregation 
of cyclists, the design of junctions, the width of carriageways and the 
usefulness of one-way systems are among the matters discussed which 
present the road engineer with difficulties, and data have not generally 
been available to solve them. The evaluation of accidents, loss of life, 
injury, and lost time in money terms must be attempted if proper decisions 
are ever to be made on how much of the national effort is to be used to 
provide greater road safety; and the fundamental causes of accidents 
must be identified and built into a theory of accident prevention. 


Potential of Population and its Relationship to Marketing. 
JOHN Q. STEWART (Princeton University). 
“Theory in Marketing’. Richard Durwin Inc. Chicago (1950). 


In the opening section headed ‘‘Social Physics’’, this publication states> 
“In their lack of full emphasis . . . economists have tended to overlook 
a leading factor in national wealth.” It continues, ‘“‘The new field of social 
physics describes mass human relationships in strictly physical terms, 
treating individuals as molecules.’’ Social physics is described as leading 
to a greater stress upon the relationships of people to people. Its tools 
are, for example, the construction of maps of trading centres and it is 
thus related to city and regional planning. Maps showing contours of 
potential may be drawn, all potentials being equal along a given contour. 
An example states that the number of undergraduates at colleges from a 
given state tends to be approximately proportional to the State’s popula- 
tion and inversely proportional to the distance from the campus. Mar- 
riage licences also tend to follow the “inverse distance” rule: The same 
general idea is applied to the return of cheques into New York, telephone 
calls and pedestrian accidents in Brooklyn. 

The article concludes with a description of “‘The Bissett Potential 
Computor”’. By means of pieces of thread and a thumb tack, the map 
of a region may be drawn automatically. Electrical resistors and potentio- 
meters upon which are set the voltage (equivalent proportionally to the 
population concerned) govern the distance the threads are withdrawn. 


Stanchions on Road Service Vehicles. 
Report by a London Transport Executive Operational Research Team on 
Road Vehicle Design. 20 pp. 
Changes in the methods of construction of London Transport’s 
buses and trolleybuses have made it possible to dispense with stanchions 
inside the vehicles so far as the structure is concerned. It is, therefore, 
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desirable to find out whether stanchions should be retained for the safety 
and convenience of passengers and, if so, what is the most useful 
arrangement. 

A survey has been made by a number of observers wh travelled at 
random on vehicles of various types, recording the use made by indi- 
vidual passengers of the stanchions and seat grips inside the vehicles 
when boarding or alighting. Certain interesting facts about the behaviour 
of passengers emerge incidentally from the survey. Itis found, for example, 
that the presence or absence of stanchions has no measurable effect on 
the distribution of passengers between seats, but that there is a marked 
preference for seats on the nearside. 

Examination of the proportion of possible occasions on which each 
stanchion or seat rail was gripped by passengers in movement within 
the vehicle permits some deductions to be made about passengers’ pre- 
ferences. From the survey data a preference ratio was calculated for each 
row of seats in each type of bus, indicating whether a right hand or left 
hand grip was the more often observed. Separate observations were made 
for boarding and alighting. It appears that on buses with no stanchions 
there is generally preference for gripping the seat rails on one’s right hand 
side; where stanchions are fitted, fluctuations in the values of the preference 
ratio indicate marked preference for using the stanchions, whichever 
hand this involves. 

It is concluded that passengers find stanchions more convenient than 
seat rails for support when moving along the gangway under normal 
conditions. This may be due not merely to the greater accessibility of 


stanchions but also to the greater degree of support which they afford. 
It therefore seems reasonable to infer that stanchions are likely to be of 
greater value in averting possible falls in an emergency, although the 
available data on accidents are insufficient to provide confirmation of this. 

The report recommends that stanchions should continue to be pro- 
vided inside the vehicle and indicates that the particular arrangement 
adopted on the latest type bus is the most convenient one. 


Time Study and Standards Aid Foundry Production Planning. 
J. J. FARKAS (The Cincinnati Milling Machine Co.) 
American Foundryman. 17, June, 1950. pp. 45-47. 


Many of the important applications of ‘“‘Time Study and Standards’’, 
other than wage incentive determinations, are sometimes overlooked. 
One of these uses—foundry planning and scheduling—is covered by this 
article, sponsored by the American Foundryman’s Society Time Study 
and Methods Committee, of which the author is a member. 

On the basis of analysis of time-study standards the author’s foundry 
has found it possible to classify moulding capacities, in every instance 
but one, on the basis of routing. Thus, moulds are scheduled c” the 
basis of an average number of moulds per day capacity for squeezer 
moulding, small jolt rollover, medium jolt rollover, and pit moulding. 
The only exception is in large jolt rollover moulding, where it is necessary 
to subdivide and classify moulding capacities by flask size groups. 

Cupola and sand conditioning operations may be adversely affected 
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by careless casting scheduling, particularly where they are being per- 
formed continuously and integrally with other foundry operations. 

In scheduling pattern making it must be borne in mind that the time 
required to make a pattern is a function of size, complexity, quality and 
rigging. Therefore, in those instances where incentive rates for pattern 
making have been developed by time-study methods, scheduling can be 
established as a function of time-study standards. However, in those 
cases where time-study standards exist for pattern making, it is 
possible to relate required pattern hours to moulding and core making 
standards and to forecast the time for a given pattern as a function of 
those standards. 


Power-saws—Their Possibilities in Swedish Forestry. 
GREGOR CARPELAN. 
S.D.A. Meddelande (Stockholm). 32 Wl. 1948. pp. 227-290. 


The history of the development of the use of power-saws is outlined 
and various types are described. The investigations, however, were 
limited to two-man power-saws of the sword type. 

A fundamental time study of the operation of saws of this type was 
made in the winter of 1946 and provided information for economic 
calculations and for the assessment of different saw brands. The time 
required for sawing is shown in relation to size of tree diameter. Power- 
sawing is shown to be quicker than hand sawing with larger trees, the 
critical diameter being between 8”—12” depending chiefly upon the 
density of marked trees. 

The costs of sawing are analysed and power-saw operating is shown to 
be economical under given conditions with tree diameters above 13”’—16” 
This may be considerably reduced if, as is the case with some power- 
saws, the stumps can be cut lower than with hand-sawing. 

Problems of organization, working technique, maintenance and rate- 
fixing are discussed. 


Operational Research. 
K. J. HEDLEY. 
The Australasian Insurance and Banking Record (Insurance Record portion). 

21st June, 1950. 

This leading article in the Australasian Insurance and Banking Record 
is written to bring the subject of operational research to the attention of 
banking and insurance companies. It starts by referring to the first issues 
of the Operational Research Quarterly, quotes and amplifies various 
definitions and briefly traces the history of the development of operational! 
research. The essential features of operational research are stated to be 
the scientific method, the high level and the complete detachment from 
routine duties and preconceived ideas. It is suggested that it would be 
a useful form of radical approach to problems of administration and 
public relations in old-established industries, such as banking and in- 
surance, which have built up a tradition of sound practices and stan- 
dardized methods. 
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Some problems which might profitably be investigated are suggested. 
These include an inquiry into unit as against branch banking in present 
Australian circumstances; the political and economic factors connected 
with the accumulation of very large centralized funds in the hands ofa 
very few life insurance companies; the efficiency of having many, mostly 
competing, companies in the fire, marine and general insurance business; 
some questions of staff remuneration and working conditions; problems 
relating to Australian mortality experience of assured lives and the system 
of charging exchange on country cheques. 


Accidents Resulting in Injuries to Army Motor Cyclists. 
Major D. F. Bayly PIkE (Army Operational Research Group). 
Road Research Technical Paper No. 13. H.M.S.O. 1949. 15 pp. 


An analysis is made of all accidents involving personal injury to 
army motor cyclists and/or their pillion-passengers during 1947; the 
particulars are obtained from accident files borrowed from the Claims 
Commission of the War Office. 

The accidents are divided into fatal (16), serious (167) and slight (396) 
and they are first analysed according to the position of injury on the body. 
Only 9 out of the 16 fatalities included details of the injuries, but all 
these reported fractured skuli. Of the serious accidents, 106 had medical 
reports of the injuries; concussion and fracture of the lower leg were the 
two commonest injuries, between them accounting for more than one- 
third of the total. Half the files on slight accidents contain medical 
reports and the types of injury are found to be vey similar to those in 
serious accidents; the only important difference between them is that 
there are relatively fewer head injuries in the slight accidents. In both 
serious and slight accidents injuries to the off side of the body are more 
frequent than those to the near side. 

The accidents are further analysed according to the circumstances in 
which the accidents occurred, such as: the location on the road system 
(more than half the accidents occurred on straight or curved 1oads away 
from all junctions); what other vehicles were involved (in one-third of 
all accidents no other object was involved); the type of manoeuvre 
being made (e.g., passing other vehicles, turning off the road); the prone- 
ness of particular types of motor-cycle to be involved in accidents. 

The report concludes that the compulsory wearing of crash helmets 
probably saved many lives and recommends investigation into forms of 
leg protection. The most common manoeuvre associated with the accident 
was another vehicle turning right just as it was being passed by the motor- 
cycle; this suggests that research should be undertaken into the positions 
of mirrors and trafficators on other vehicles. There is also evidence of 
individuals’ failure to estimate distance and speed of small objects such 
as motor-cycles. 





Readers are invited to apply to the Editors for copies of abstracted 
papers not obtainable in the normal way. 
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OPERATIONAL RESEARCH AT 
BIRMINGHAM UNIVERSITY 


Residential Summer Course 


THE twelve-day course on “‘Work Study and Operational Research” 
announced in our last issue was held during July. It was under the direc- 
tion of Professor T. U. Matthew, assisted by members of the lecturing 
and research staff of the Department of Engineering Production. Visiting 
speakers included Sir Charles Goodeve, F.R.S., (B.1.S.R.A.), Dr. Alexander 
King, (D.s.1.R.), L. H. C. Tippett (Shirley Institute) and Dr. Seymour 
Melman (Columbia University, New York). 

The course was attended by 40 senior industrial engineers, production 
managers and work study executives drawn from the Services and many 
industries, including the light and heavy electrical, iron and steel, auto- 
mobile, foods and confectionery, printing, textiles, chemicals, non-ferrous 
metals and other industries. One member representing FABELTA 
travelled from Brussels. 

The general scheme of the course was to review in morning lectures 
and discussions the methods and fields of application of work study and 
operational research, and to devote the afternoons to syndicate or study 
group tasks. During the first week these were practical case studies on 
industrial problems which has been brought by participating members. 
During the second week specialist study groups undertook a series of 
direct experiments designed to provide a basis for executive action on 
such subjects as: 

(a) the application of the new form of time study, “methods-time 

measurement”; 

(b) the introduction of job evaluation; 

(c) the use of statistical miethods in time study analysis; 

(d) organization for work study and operational research. 

The middle week-end was devoted to a separate review and discussion 
of ‘the Future Trend of Industrial Change in Great Britain.” 

The wide industrial cross-section acheved by a course of this sort 
and by the contacts engendered between industry and research specialists 
and university staffs, emphasizes the value of the opportunity thus afforded 
for direct experimentation and study of specific problems by the use of 
new methods of analysis. 


Post-Graduate Course 1950-51 


THE first of an annual series of post-graduate courses in the Principles 
of Engineering Production and Management is to be held in the Depart- 
ment of Engineering Production of the University of Birmingham from 
October 1950 to June 1951 under the direction of Lucas Professor T. U. 
Matthew. It is designed for engineers of graduate standing with ex- 
perience in production, design or research, who wish to undertake 
advanced studies in the principles of engineering production, and the 
application of work study and operational research methods in industrial 
engineering. The primary object of the course, which occupies one 
academic year, is thus to provide post-graduate education and training. 
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for engineers intending to occupy higher executive, administrative, and 
advisory positions in production management. 

Part of the course will concern ‘‘case”’ studies in factories, to provide 
training in scientific methods of analysis and in the preparation of opera- 
tional research reports. Investigation and research work will occupy 
approximately one-third of the course time. 


Book REVIEW 


Operational Research—Its Application to Peace-time Industry. 


The Manchester Joint Research Council. Paper cover. 151 pp. (10/6). 

This book gives a full report of five lectures and discussions held 
under the auspices of the Manchester Joint Research Council during the 
winter 1949-50. Professor P. M. S. Blackett’s article in Vol. 1, No. | of 
the Operational Research Quarterly is also reproduced and in a preface 
Sir Raymond Streat sums up his impressions of the series. 

Discussions after the lectures and in the sixth session, which was an 
open forum, centred particularly on the qualifications required in an 
operational research worker and on how operational research could be 
undertaken in small firms whose turnover was too small to warrant their 
own permanent operational research organization. On the former 
subject it seemed generally to be the opinion that the right personality 
was of even more importance than pure scientific ability, and an attitude 
of disbelieving inquiry of greater value than a background of technical 
knowledge of the particular industry concerned. For smaller firms it 
was agreed that some form of specialized assistance would be necessary 
and it was suggested that this could most probably be provided by the 
services of paid consultants for particular investigations. 

The book sets out clearly the various contributions to the course, 
providing an interesting cross-section of some of the operational research 
work in progress and accomplished at that time. It is a possible criticism. 
however, that not enough editorial discretion has been exercised in elimina- 
ting or at least reducing the irrelevant minutiae of a verbatim report. 

SYMPOSIUM ON SUBJECTIVE JUDGEMENTS 

A Symposium on Subjective Judgements is to be held on Saturday, 
October 14th, 1950, at University College, Gower Street, London, W.C.1, 
to “bring together those whose interests in this subject have so far not 
been co-ordinated”’. 

There will be two sessions under the chairmanship of Sir Frederic 
Bartlett, F.R.S. and Dr. F. M. Lea, O.B.E. respectively. 

Admission will be by invitation only, as the accommodation is limited. 
Dr. R. G. Hopkinson, Building Research Station, Garston, Watford, 
Herts, is acting as secretary to the symposium. 


OPERATIONAL RESEARCH CLUB 


The Club Committee for the new session consists of Sir Charles 
Goodeve, Dr. W. K. Slater, A. W. Swan fand Dr. O. H. Wansbrough- 
Jones. The last named has been elected in the place of Dr. C. Gordon, 
who has resigned. 
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EDITORIAL NOTES 


THE proper scope and definition of operational research in relation 
to the social sciences has been discussed in correspondence received 
lately by the Quarterly. It has been maintained that in the first 
three issues the net has been too widely cast, and that to abstract 
such papers as “Price Theory and Economic Behaviour” (1 No. 
2, p. 29) and the group of papers from the Survey Center, Univer- 
sity of Michigan (ibid., p. 32) is only admissible if “ any piece of 
applied social science (or worse, any piece of applied social science 
mainly statistical in nature) is included”. The definition offered by 
Dr. T. E. Easterfield, the writer of the letter just quoted, is: 
“Operational research is scientific research into the operation of 
an organisation as a going concern, carried out for and in collabor- 
ation with the executives of the organisation. Thus the Social 
Survey, [whose work is described in later pages of this issue,] has 
carried out operational research work on the likely demand for 
medals, because it was in conjunction with the ministries concerned, 
involving questions of administrative machinery, propaganda, etc., 
while routine surveys of budgets, food consumption or morbity 
are not, by this definition, operational research”. 


Another view was published in Mr. E. Parker’s letter in our 
second issue. He stated his opinion that too much is often said 
about the purpose, and too little about the nature of operational 
research. Mr. D. S. Blacklock writes to the same effect: “It seems 
wrong to say that an operational research worker is not a statistician 
. . . the raison d’étre for the operational research worker is that 
he takes his tools with him when he leaves the laboratory for the 
factory, or the testing ground for the wide open world. There is 
nothing new in his tools, only in his use of them”. 
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A question must arise if Dr. Easterfield’s limitation is accepted: 
At what stage does it become legitimate to consider a group of 
human beings in a social pattern as a “going concern” with its 
suppliers of government or goods as the “executives” acting for 
the group within their own particular competence? 


In this wider field Dr. Easterfield would appear to exclude from 
the scope of operational research consideration of those problems 
of economics on which the survival of the national group itself 
as a “going concern” may depend. It is hard to see how otherwise 
than by the application of operational research methods the know- 
ledge and techniques of the physical sciences may be brought to 
bear on this vitally important subject. In a narrower field, if the 
normal meaning of the work “executive” is accepted Dr. Easterfield 
would appear to exclude such work as “Labour Organisation in 
Milk Production” (1, No. 2, p. 34). 

In the circumstances it seems to us wiser to keep to the looser 
indication of the nature of operational research given in our first 
issue, and to judge each borderline case on its merits. If we are to 
err, we hope it will be on the side of catholicity. 


Advance plans are announced for the Club’s fifth meeting in 
the present session, at which Work Study and Productivity will 
be discussed under the chairmanship of Sir Henry Tizard, F.R.S. 
Leaders of the discussion will be Dr. T. Easterfield (D.S.I.R.), 
Professor T. U. Matthew (Birmingham University) and Mr. J. R. 
Widdowson (Chief Development Engineer, S. Fox & Co., Ltd.), and 
it is proposed to allow ample time for other contributions. The 
meeting will be held on March 21st, 1951, in the rooms of the 
Royal Society, Burlington House, at 2.30 p.m. 


A national survey of time study rating practice has recently 
been conducted by the Work Measurement Research Unit of the 
University of Birmingham, under the leadership of Professor T. U. 
Matthew. 

This survey was planned by this Unit in conjunction with the 
Joint Committee on Measurement of Productivity set up by the 
Institute of Cost and Works Accountants and the Institution of 
Production Engineers, who pointed out in an Interim Report pub- 
lished last year that their investigations showed wide variations 
in time study method between different factories. It is hoped to 
publish a report in the late summer of 1951. 


Dr. O. H. Wansbrough-Jones, formerly Scientific Adviser to 
the Army Council, has become Principal Director of Scientific 
Research (Defence) at the Ministry of Supply. 
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THE GOVERNMENT SOCIAL SURVEY. 
by L. MOSS 


THE Social Survey is a government sociological research organisa- 
tion which has now been in existence for nine years. It was put 
on a permanent basis in 1946 largely as a result of the work which 
it did during the war years and is at present organised as a division 
of the Central Office of Information. 

Because of is position as an official research body, certain 
conditions affect the whole range of work carried out by the Social 
Survey. In the first place, the Social Survey does not select its 
own fields of work; finances for reseach work are provided out of 
the annual budget voted by Parliament for the Central Office of 
Information, but, in addition to this general Parliamentary control, 
every separate survey which is made has to go to the Treasury for 
authorisation. It follows, therefore, that a strong case has to be 
made for every investigation by the department asking for it. In 
the second place, ministers must be prepared to answer to Parlia- 
ment for every job of work done by the Survey. This means that, 
in designing any enquiry, the Survey has to take into account the 
possible need for the department to accept responsibility for the 
work on a political level. 

It will be clear that such overriding conditions of work are of 
great importance in any consideration of the nature of the enquiries 
made by the Social Survey and of the way in which such work is 
designed. Obviously, there are great differences between these 
conditions and those of much operational research work, and this 
must be borne in mind when considering the account of the Sur- 
vey’s work. 

For ease of exposition the work done has been grouped under 
three main headings: economic organisation, social organisation 
and the statistical function. The fields covered are illustrated by 
selected examples and no attempt has been made to give an exhaus- 
tive list of work dore. It will be obvious that the problems tackled 
vary greatly in complexity so that the resources required for differ- 
ent types of job cannot be expressed simply. No attempt is made 
here therefore to show the allocation of resources between different 
fields or types of job. 


Economic Organisation 

All governments accept some measure of responsibility for 
supervising or controlling the flow of economic events but the 
degree of intervention varies greatly. Some Governments limit 
their responsibility to keeping a watchful eye on developments and 
publishing statistics illustrating economic change. Other Govern- 
ments intervene to a limited extent in the mechanism of distribution 
by rationing or priority schemes. Yet other Governments play 
a very large part in deciding the actual direction of economic 
development. At various times in Britain the Government has 
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exercised its powers on ali these three levels, and the Social Survey 
has from time to time been called in to supply the kind of infor- 
mation which would enable the appropriate decisions to be taken. 


During the war years the Government intervened in the distri- 
bution system in order to ensure that available supplies reached all 
sections of the population, and the study of the effects of this formed 
a large part of the Social Survey’s wartime work. Thus regular 
studies were made of consumer shortages. Samples of housewives 
were regularly interviewed in order to test how far they were 
able to satisfy their needs in prevailing marketing conditions. On 
the basis of this information the Board of Trade could influence, 
even change, the flow of supplies. The clothes rationing scheme 
had many times to be amended and extended to meet the needs 
of groups with special requirements. The Social Survey studied the 
clothing needs of workers. in trades where working conditions were 
very heavy and on the basis of its studies special supplementary 
allowances were made. This kind of work continued throughout 
the war. 


The changeover from war to peace would have been a very 
uncertain process without the continuous flow of information pro- 
vided about the changing needs of the civilian population. The 
end of clothes rationing came in 1949, for example, after a period 
of experimental changes of coupon allowances, made to test how 
far coupon limitations were a factor in demand. In recording the 
effect of these changes the Social Survey played its part in providing 
data for the final decision. 

The coal question was more complicated. The distribution 
of domestic coal could not be freed without consideration of the 
effect on the amount available for export. The Social Survey was 
asked to try to estimate this effect—no easy task. 


In the first place an examination was made of the present pat- 
tern of domestic heating with special references to the appliances 
and methods on which there was greatest reliance. From this it 
became clear that the new forms of heating, and especially electric 
heaters, were in the main a supplement to the former methods, 
rather than alternatives since they were in the main used for short 
period space heating. The second part of the enquiry was con- 
cerned with the question whether coal, in comparison with other 
forms of heating, still occupied its former place, despite the long 
period of restriction. This part of the study showed that coal 
was still the firm favourite for domestic heating. The third and 
most difficult part of the study was concerned with the extent to 
which existing supplies would fall short of demand if people were 
free to buy. 

Consideration of the results of all those studies led to the 
conclusion that derationing of coal would lead to a very large home 
demand seriously affecting the amount available for export. There- 
fore coal rationing was retained. 
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Acceptance by Government of responsibility for maintaining a 
high level of employment involves the possibility of deeper inter- 
vention in economic organisation. The 1944 White Paper, which 
still provides the basis for the policy to be pursued, states three 
conditions essential to the elimination of unemployment: — 


(a) Total expenditure on goods and services must be stopped 
from falling to a level at which general unemployment 
appears. 

(b) The level of prices and wages must be kept reasonably 
stable. 

(c) There must be sufficient mobility of workers between occu- 
pations and localities. 


The first of these conditions makes it necessary for the Govern- 
ment to obtain fully and much more quickly than in the past exact 
quantitative information about current economic movements. It 
was, therefore, proposed, amongst other measures, to develop the 
annual White Paper on national income and expenditure, by pro- 
viding a much more complete analysis than had hitherto been pos- 
sible of the constituent parts of the country’s total expenditure. 
The Social Survey has, over the past few years, been working in 
the field of consumer expenditure in order to provide reliable data 
for this annual White Paper. Early work has found that under 
appropriate conditions, and confronted with investigators able to 
show how such statistics can be used for the general national good, 
members of the public willingly co-operate by giving the detailed 
information required. The first stages of the work concentrated on 
providing reliable information about expenditure where no useful 
information existed, and now practical steps have been taken to 
cover the whole expenditure field in a regular series of enquiries 
dealing with particular sections, for example expenditure on 
clothing, on domestic capital goods and so on. In addition to these 
developments, experimental work is going on to provide a method 
for the collection of complete household expenditure. 


Eventually these studies will lead to a complete and systematic 
picture of consumer expenditure from which it will be possible to 
follow the flow of demand for consumer goods and to deduce the 
effects of various fiscal policies on the demand for goods. 


The Social Survey has also begun to study the question of 
occupational mobility. Several studies have been made on atti- 
tudes towards various priority industries, and particular attention 
has been given to the factors which determine the willingness of 
women to remain in employment. Last year, work began on a 
major and central study in the field of mobility. A sample of 
12,000 individuals was selected and in the course of detailed inter- 
views gave full information about their employment records over 
a long period of time. At the same time records were obtained 
of the occupations followed by earlier and later generations in the 
same families and such associated factors as education and training. 
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Out of this study it should be possible to draw conclusions on the 
main directions of changes into and out of various occupations in 
industries and between regions and to establish with which of these 
changes some social factors are strongly connected. 


Conclusions relevant to the problems involved in any study 
of mobility have emerged also from other Survey studies. Table I, 
for example, illustrates some results of work on problems connected 
with the setting up of new towns. The average age of those who 
said they wished to move to a new town was considerably lower 
than the average age of those who said they preferred to stay in 
Willesden. It was also lower than the average age of the total 
existing population of the Borough. For example, while 45 per 
cent. of the total population was under 30 years of age, this age 
group constituted 52 per cent. of those who wished to move to 
a new town, but only 32 per cent. of the people who would remain 
behind. Again, 21 per cent. of those remaining would be 60 years 
of age or more, compared with only 4 per cent. of the potential 
new town population. Both Borough and New Town would be 
faced with the social and administrative problems attaching to 
ill-balanced populations; and if mobility is to be encouraged, such 
factors must be taken into account. 


TABLE I 





Column A 
Willesden 
population 


Column B 
Population 
not moving 


Column C 
Population 
moving to new 
town 





No. 
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TOTAL: 5,034 = 100 1,769 100 2,536 100 




















Willesden and the New Towns. Age Structure of Moving and Not-Moving 

Population column A shows the age structure of the total population of 

Willesden, whether moving or not. Columns B and C together do not equal 

Column A, since they leave out of account the considerable proportion who 
wished to move to destinations other than a New Town. 


It will become clear from all this that the Social Survey is 
being freely used as an instrument in the making of decisions in 
the field of economic organisation in Britain today. Much of 
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the work being done is experimental because academic work in 
these fields is not very far developed. Indeed, in the mobility 
enquiry the Social Survey is helping a section of the London Uni- 
versity in making its first large-scale enquiry into this field. 


Social Organisation 


As with economic organisation, there are different degrees of 
State interest in social needs and the provision for them. 

On the lowest level of public intervention, for example, the 
State may confine itself to public statements of desirable action. 
Here work has been undertaken by the Social Survey mainly to 
demonstrate what are the actual facts of the situation.* Thus, in an 
enquiry made for a committee investigating the effects of cinema- 
going on children, the Social Survey examined cinema-going, habits 
amongst school children, the extent to which cinema-going was 
related to other forms of activity and what kinds of films were 
actually seen by children. 

In a rather different field of work, the Social Survey was asked 
to investigate rural depopulation in Scotland.. For this purpose 
the Survey interviewed samples of the existing population and 
corresponded with a sample of people who had left the rural areas 
over a period of years. Special attention was given to the part 
played by occupational opportunity and the level of housing and 
other social amenities in rural depopulation. 

Both these reports may, of course, lead at some time to public 
action, but their primary purpose was to make clear the facts 
associated with the problem. 

Much the same purpose was in mind with various enquiries 
made into some factors in housing design. Studies have been made 
of the efficiency of existing systems of lighting and water heating, 
and a special enquiry was made recently into those factors which 
affect the use made of house space. Results have been incorpor- 
‘ated in government publications on the design and equipment of 
housing issued for the guidance of local authorities and others 
responsible for housing specifications. 

Other surveys have been made so that specific legislation could 
correspond with social needs. Thus, in 1946, a committee with 
the task of re-defining and regulating shop-closing hours asked the 
Social Survey to make enquiries to show which shop-closing hours 
would most suit the needs of the public. The special needs of 
different sections of the public had to be considered and some 
assessment had to made of whose would be most seriously incon- 
venienced by particular shop-closing hours for different commodi- 
ties. It was shown that whereas 90-95 per cent. of shoppers for 
various commodities would be satisfied if shops closed around 7 


*This does not imply that the Survey is used in all cases where its 
techniques might be applied. Perhaps it might be recorded here that such 
techniques were not used in connection with changes in sweets rationing 
in 1949, 
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p.m. only 70-75 per cent. would be satisfied if shops closed around 
6.15 p.m. It was important therefore to ascertain just who were 
the shoppers requiring a closing hour after 6.15 p.m. (Table II). 


TABLE II. 
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Closing time preferred analysed by occupation of shopper. 


It is clear from this table that workers, including those in the 
distributive trades, made up 2) per cent. out of the total of 30 
per cent. who wanted later closing, compared with 29 per cent. in 
the total of 69 per cent. satisfied with earlier closing. Further 
analyses confirmed that the strongest feeling for later closing was 
to be found among workers in occupations which precluded much 
shopping during the day. 

In England today the direct provision of centrally organised 
social services designed to meet social needs on a national basis 
has gone already a long way. Many such schemes provide their 
own sources of information through statistics emerging from their 
administration but this is not always the case. During the war 
years the Social Survey, at the request of the Minister of Health, 
organised a special enquiry designed to measure the level of minor 
illnesses about which at that time there was no other reliable 
information. When this work proved successful a continuing sur- 
vey of sickness was organised, designed to provide information 
about the whole field of sickness and medical provision. The 
information fell under such terms as the prevalence of sickness 
amongst different groups of the population, number and types of 
new and continuing illnesses of which people complained, the 
extent of incapacity caused by these illnesses and the extent to 
which members of the public were visited by doctors or visited 
doctors and hospitals. This enquiry has been made every month 
since 1945. By the time the National Health Service began in 
1948 there were already available data which could be used as a 
basis for measuring the effect of the National Health Service on the 
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general level of medical attention received by sick members of the 
population. As the result of this work it is possible to state which 
sections of the population have benefited from the National Health 
Services and to what extent there have been changes in the amount 
of medical consultation received. In the same way it is possible 
to deduce from this enquiry the extent to which incapacity has 
changed as the result of the extended provision of medical attention 
to those sections of the population which were not formerly able 
to afford it. The kind of data produced is illustrated by Table 
III, reproduced for the Registrar General’s Quarterly Return for 


TABLE III. 
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Medical 
consultations 
Age 16-64 

1943 per cent of July—Sept. 
1947 Oct. — Dec. 


1948 per cent of 
1946 Oct.—Dec. 








Age 95 and over 


1948 per cent of July—Sept. 98 | § 9: 181 
Oct.—Dec. 97 | 96 i 119 


1948 per cent of 
Oct.—Dec. 191 | 82 /13% 3 | 93 [132 {137 |104 






































Number of medical consultations per month—Comparison of quarters. 


March, 1949. Elderly women show the greatest relative fall in 
proportion reporting no consultations. In the same article in the 
Quarterly Return it is stated that comparing July—December, 1948, 
with the same period in 1947 and wih October—December, 1946, 
there was practically no increase in illness but there was an increase 
in incapacity of about 15 per cent. and in medical consultations 
of about 10 per cent. These increases were most marked amongst 
women aged 65 and over. 

Apart from this general function, it has been possible to use 
the survey of sickness for investigating special medical needs. Thus, 
an enquiry was made through this survey into the incidence of 
deafness in the country, and by means of an ancillary enquiry 
estimates were made of the likely demand for the hearing aid 
appliances which are supplied under the National Health Service. 
A further enquiry is now being organised to examine the degree 
of success which these hearing aids are having, and what amend- 
ment to scheme or appliance may be necessary. It must be said 
here that enquiries of this sort were not made to estimate the 
demand for other National Health Service appliances. 
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A further example of survey work designed to help shape 
Government action in connection with a special social group may 
be drawn from a very different field. Pneumoconiosis is a disabling 
disease which affects mine workers. Its treatment requires social 
as well as medical action. That is to say, some of the men who 
can no longer work as miners may be able to do other work if 
suitable work under appropriate conditions can be provided. The 
research unit set up by the Medical Research Council to work in 
this field asked the Social Survey to design enquiries which could 
provide data for an employment policy. It was possible to show 
how the degree of disablement was associated with ability to work, 
what kind of work disabled men had been able to carry out and 
how successful they had been in such jobs. 


Social Survey techniques in the field of social organisation have 
thus been used for many purposes. Usually the object of survey 
work has been to establish facts about matters which otherwise 
remain the subject of conjecture and speculation, so that legisla- 
tion or effective schemes of public action could be developed. 


The Government's Statistical Function 


The use of sample surveys to supplement, check or even alter- 
nate with the more conventional techniques for collecting statistical 
data has become widely known in recent years. It will already be 
obvious that in much of its work the Social Survey is in fact per- 
forming the role of an ancillary service to the normal statistical 
divisions of British Government Departments. Whilst the preced- 
ing sections have concentrated on the operational purposes to 
which the Social Survey has devoted its work it may be of interest 
to note also the ways in which it has collaborated directly with 
statistical divisions. 

The consumer expenditure surveys and continuing survey of 
sickness result in statistics which are published by the Central 
Statistical Office and the Registrar General at regular intervals. 
These surveys thus help to complete the regular data published 
as part of their normal duties by statistical departments. It is note- 
worthy that the kind of statistics collected in these two surveys 
could only be made available through the use of sample survey 
techniques, using interviewing methods. In this sense the Social 
Survey is acting as a specialist and complementary arm of the 
statistical service. 

On other occasions the Social Survey has co-operated to check 
or supplement existing statistical information. With housing, for 
example, it was thought that available data would be either too 
old, or collected in such a way as to give a faulty picture. Special 
studies have therefore been made of the household position and 
family distribution in various towns throughout the country, to 
provide more reliable demographic data. At the same time the 
housing waiting lists maintained by local authorities have been 
examined on a sample basis, in order to decide to what extent 
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the accumulated figures on these local lists could be used to assess 
the total demand for housing and to measure the extent of over- 
lapping involved in such lists. 

In preparation for the forthcoming census of distribution, the 
Social Survey was asked to experiment with interviewing tech- 
niques for collecting census data in one area in Britain, whilst 
at the same time trial studies, using more conventional methods 
of postal distribution and collection, were carried out by the Board 
of Trade in other areas. 

Table IV shows the cost of these activities. It will be seen 
that although less than 4 per cent. of the premises enumerated 
were obtained during a process of checking, this process involved 
19 per cent. of the total cost of enumeration and delivery. It was 
possible in this way to measure the comparative costs and relative 
efficiency of the two methods and so to solve one of the basic 
decisions which had to be made about the manner in which the 
census of distribution could be organised. 


TABLE IV. 





Number of premises Working days Cost 
enumerated 





Originally 918 |(96.2%) | Enumerated £198 11 74 
Checking 32 35 14 0 
After checking | 37 | (3.8%) | Clerical (fidwkrs) 8 18 6 





Total 995 | (100%) Total time 8 | £198 11 74 |(LV0% 























Average enumerations and schedule deliveries 
per working day (including checking of enumeration) 5.4 schedules 


Average cost of enumerating and delivering 
schedules (including checking of enumeration) ... 4/2 per premises 








General Notes on Method and Organisation 


The above account of work done does not give very detailed 
information about the actual methods used on any particular 
enquiry. The subject matter is so varied that it would be difficult to 
give an adequate account of the approach used in every one of the 
enquiries specified. Such accounts of methods are given in the 
many reports which are now available. 


There are, however, some general observations on methods 
of working which relate to a large part of the Survey’s work. For 
example, it will be clear that the sampling of human populations 
is one of the technical bases on which the Survey rests. A detailed 
account of the sampling methods used by the Social Survey and 
their mathematical basis has been given in a paper read to 
the Royal Statistical Society in February, 1950. 
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The second general technique to which reference must be made 
is the use of the interviewing method operated through tra‘ned field 
investigators. The reader will have gathered from the account 
of work done that the Social Survey field investigations involve 
the collection of facts, opinions and attitudes towards facts and 
social institutions. Survey investigators must therefore be able to 
deal with a very wide variety of types of question. There is now 
in operation a standardised training scheme which every Social 
Survey field worker goes through. At the end of this training 
period, investigators are tested by a headquarters section special- 
ising in interviewer-testing. The main objective of these tests is 
to measure ability to apply the standardised methods of putting 
particular types of questions and to record objectively and accur- 
ately answers given. This emphasis on ability to interview acord- 
ing to standard techniques and to record acurately is basic to the 
work of the Social Survey. If investigators were allowed to put 
questions in their own way, or if the recording of reactions to 
questions were not dependable, there would be little point in 
applying statistical procedures to the material collected during 
interviews. If such statistical procedures could not be applied to 
survey material, much of the work that the Survey has done, and 
is likely to do, could not be done. The interviewing techniques 
used, however, and the training given to field investigators aim 
at neutralising so far as is possible individual variability on the part 
of interviewers and producing material susceptible to, and worthy 
of, statistical analysis. 

It may at this point be relevant to add a word about the sim- 
mering argument on the use of so-called “anthropological” 
methods, as opposed to the more formal interview used by the 
Social Survey. It will be clear from what has been said already that 
for any final reporting on the problems tackled by the Social 
Survey a Statistical approach is essential. Such a statistical approach 
is difficult unless the collection of the data is standardised. This 
does not mean, however, that methods more commonly used by 
anthropologists are not of use. The much less formal method of 
enquiry is very appropriate to early stages of enquiry, in which 
the research officer is trying to decide on which variables it is 
likely to be most profitable to concentrate his energies and 
resources in those later stages when he begins to collect material in 
a Statistically useful fashion. It is doubtful whether either the 
Social Survey or any other social research body is at the present 
time making enough use of anthropological methods in this way. 


After these cursory and generalised references to the Survey’s 
methods of working, it is necessary to come back again to the points 
made at the very beginning of this paper about the effect of the 
overriding conditions under which the Social Survey carries out its 
activities. Methods of working have been built up during the 
course of actual investigations, and research experience has there- 
fore been accumulated empirically. However, a great deal of work 
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has been done on methodological issues. It became clear at an 
early stage that a special method of tackling these problems was 
going to be necessary if the Social Survey was to deal with them 
efficiently. Consequently there was adopted a method of internal 
specialisation. Various processes essential to survey work, such as 
sampling, interviewer-training, primary analysis, design of 
schedules, statistical analysis, and so on, are carried out by par- 
ticular groups of research workers and assistants. Such groups 
cover these functions for all survey work. Thus there has been 
specialisation of subjects amongst research staff so that they have 
developed in the course of time a great deal of experience of 
particular technical methods. In this way, despite the large range 
of survey work, and many changes in the last nine years, it has 
been possible to build up experts in particular techniques and fields. 
In any particular job of work which is done, a single research 
officer is given overriding responsibility. In the course of getting 
the job done he will, of course, need to call in those responsible for 
particular aspects of survey work, so that the final design of the job 
takes into account the experience of many different specialists. This 
knowledge has probably not yet reached the stage at which it could 
be called a part of formal scientific method in the field of social 
research. There is, however, now going on a process of appraisal 
resulting in the writing of papers and the clarification of the main 
ideas emerging from this past experience, which will result in the 
near future in formal statements on methodology used by the 
Social Survey. These statements will be rooted in the Survey’s 
past experience and based on the results of conscious application 
of scientific method to the processes involved. 


In this paper I have tried to give an over-all picture of the work 
the Social Survey does and have indicated somewhat briefly the 
conditions under which that work has been done and the approach 
to it which has been taken by the research staff concerned. The 
Social Survey has now begun to crystallise out that experience and 
may be able to make a worth-while contribution to the develop- 
ment of research techniques available to social research workers. 





ABSTRACTS 


Time-Study on Cranes on a Steelworks Rail Bank. 


A. W. Swan (United Steel Cos. Ltd.). 
Lecture to Manchester Statistical Society; 27th October, 1950. 


The time-study discussed formed part of an inquiry into the general 
position of the rail bank (delivery section of the rail plant) at the Working- 
ton Iron and Steel Co. Crane conditions were taken as giving the general 
picture. 

Continuous time-studies, without rating, were made of no. 4 crane, 
which takes the rails as they come from the final process of straightening 
and drilling and delivers them to storage or to final inspection and loading; 
and of nos. 1 and 2 cranes which deal with laying out the rails for final 
inspection and loading into railway trucks for dispatch. 

The resulting information was first set out and analysed as distribu- 
tions (e.g., the number of occasions on which the loading of crane no. 4 
was timed at 0.1, 0.2, 0.3... 1.1, 1.2, 1.3 minutes, etc.). The distributions 
were examined as to; 1. Shape (one or two peaks, symmetrical, skew or 
‘“‘square’’). 2. Width (wide or narrow). 3. Overall position (position of 
the average). One of the facts discovered was that the distribution for 
idle time for crane no. 4 was square, and it was deduced from this fact 
that it meant constantly changing conditions of the preceding process, 
straightening and drilling. A motion and time-study of that process 
was recommended and is being made. 

As distributions give no information on the sequence or pattern of 
events, the time-study results were also set out in the form of “‘chrono- 
logical” bar charts and examined for “day of the week’’, “‘time of day” 
effects, etc. 

The overall conclusions for both types of analysis were that the crane 
capacity is adequate, but that investigations of indicated points of tech- 
nical practice are necessary. The improvements which should result from 
these investigations would speed up loading, reduce idle time and allow 
for increased tonnage to be handled in the future without the necessity 
for purchase of additional cranes. 

The notes conclude with a list of conditions which contributed to the 
success of the inquiry and which it is suggested should always obtain 
before an operational research job can be a success. 


The Accuracy of Wind Finding by the 3-Course Drift Method 
A Statistical Analysis. 

R. G. STANSFIELD (Dept. of Scientific and Industrial Research). 

J. Inst. of Navigation. 2. 1949. pp. 165-179. 


1. This paper describes work carried out by the Operational 
Research Section, Coastal Command, to investigate the accuracy 
with which navigators found the wind under ordinary operational 
conditions. A technique was developed and reduced to a form for 
routine use; it was based on measuring the self-consistency of the 
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three position-lines (which in theory meet at a point) representing 
the three observations made by the navigator to find a wind. A 
similar technique could be applied to other position-line problems. 

2. The validity of the method was tested against an indepen- 
dent check, using Air Position Indicator readings taken in the 
normal course of practice bombing exercises; the accuracy of the 
wind computed from the A.P.I. readings was likewise assessed from 
the internal consistency of the data. 

3. An unusual feature of this investigation was that it measured 
the operator’s efficiency in performing a skilled task, using internal 
criteria from records kept in any event as an integral part of the 
task. Since no special records needed to be introduced, the method 
avoided the difficulty normally arising in such studies, that the 
mere carrying out of the study acts back on the persons studied and 
stimulates them to improve their performance. (Indeed, in this 
instance the data had been recorded before the investigation was 
decided upon, and before the technique had been invented.) 

4. It was found that: — 

With types of drift sight in common use, the accuracy 
obtained by one group of navigators in the measured angle 
of drift corresponded to a standard deviation of errors of 
approximately 1°; and by another group of navigators, 
approximately 2°. 

Of the total inaccuracy of the winds found by the navi- 
gators, three-quarters of the variance was contributed by the 
errors of observation of the drift-angles, and one-quarter by 
the process of computing the wind from the set of observed 
drifts. 

The accuracy of measurement did not fall off, due to 
“fatigue”, during a flight. 

The check of drift-measurement against the A.P.I. 
readings was made in particular in order to test the widely- 
held folk-belief that navigators systematically underestimate 
drift angles; this myth was found not to have present day 
validity. 


Work Measurement Research. 
D. J. DESMOND (University of Birmingham). 
Engineering. 170. 20th October, 1950, pp. 310-312. 

Although work measurement is concerned with the collection 
of a large number of observations, the usual methods of interpre- 
tation fail to make full use of the data. It is commonly believed 
that the computation involved in modern methods of statistical 
analysis would be prohibitive, although no attempt has been made 
to relate the cost to the advantage gained. 

This paper shows what can be achieved by the application of 
quite simple statistical techniques to work measurement data. The 
method developed is based on the determination of the regression 
of the reciprocal of the rating (called the “reciprate”’) on time. 
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From the results of a number of studies an estimate of the operation 
line, which is the best estimate of reciprate in terms of time if the 
time study consisted of an infinite number of readings taken under 
identical conditions, can be obtained and it is possible to determine 
the confidence limits of Normal Time. 

One advantage of the reciprate method of analysis is in the 
possibility of establishing quality standards of time study and then 
providing data for testing for conformity with such standards. It 
further makes possible an assessment of the relative advantage of 
making a few studies each with many cycles or of making a larger 
number of studies with fewer cycles in each. 


Tsetse Flies Carried by Railway Trains in Kenya Colony. 
E. ANEURIN Lewis (Chief Field Zoologist, Kabete). 
Bull. Entomological Research, 40. Pt. 4., Feb., 1950. pp. 511-531. 


An investigation is described into the incidence of tsetse fly and trypa- 
nosomiasis in the neighbourhood of the Mombasa-Nairobi railway 
outside the main fly belt. 


An account is given of a survey of the fly distribution along the rail- 
way. It is shown that, outside the main fly belt, the incidence of flies 
is relatively high in the neighbourhood of the railway. 


Flies were collected from passenger and goods trains by teams of 
fly-boys posted at Emali and Sultan Hamud about 17 and 25 miles 
outside the fly belt towards Nairobi. Only trains passing through these 
stations in daylight could be cleared. Tabulated figures are given showing 
that more than 24,000 flies were collected over a period of one year; 
many flies not collected by these deflying teams were found on trains 
further up the line even as far as Nairobi. Flies were found inside 
passenger trains, but by far the greatest numbers were taken from the 
outer surfaces and undercarriages of goods trains. 


Fly boys posted at intervals along the railway track during the period 
of evening activity of Glossina longipennis caught a number of flies between 
6.15-6.50 p.m. when a train passed: after the train had passed no fly 
was caught. The following evening, when no train passed during this 
period catches of fly were made up to 7.5 p.m. This indicates that’ the 
flies are swept up by the passing train. 

Examination of the flies caught on trains shows them capable of 
transmitting trypanosomiasis. 

A survey of the incidence of trypanosomiasis outside the main fly 
belt shows it to be relatively high in the neighbourhood of the railway. 

It is concluded that trypanosomiasis is spread by flies carried on 
trains. Most of these flies are carried on the outside of trains. The 
deflying of trains by teams of fly-boys is inefficient in the time available 
at stops and is impossible at night. It is recommended that the spraying 
of trains—if possible with an insecticide—would bring considerable 
relief to farmers, but so far no suitable spraying apparatus has been 
devised nor has a reasonably cheap insecticide been found for the purpose 


68 





Management Approach to Productivity. 


J. J. Gracie (General Electric Co.). 


Paper presented at the British Association, Birmingham, September, 
1950. 


Three possible ways of increasing production are considered — 
working longer hours, putting more people to work, or obtaining 
greater productivity from those already employed. The possi- 
bilities of the first two are strictly limited, where those of the third 
are not and it is stated that operational research has shown that in 
many industries productivity might be increased by as much as 40 
per cent. simply by the. redeployment of existing man-power and 
plant. 

The difficulties of measuring productivity are discussed, but 
the conclusion is drawn that absolute measures are not of great 
importance since the main interest of management is in ensuring 
a progressive improvement in its own works. This can be achieved 
by the application of systematic management, which is regarded as 
a better description than scientific management since management 
is very largely subjective. In any attempt to improve productivity, 
however, the correct psychological approach is essential to ensure 
the complete goodwill of all concerned. 


Industrial Application of the Ratio-Delay Method. 


DONALD S. CorRRELL (Deere & Co., Illinois) and RALPH M. BARNES 

(University of California). 

Advanced Management. 15. Aug. and Sept., 1950. pp. 10-12 

and 15-18. 

The importance of a knowledge of interruptions and delays 
which interfere with the normai flow of production is indicated, 
with particular reference to works employing a wage incentive 
system where delays may affect the workers’ productivity through 
no fault of their own. 

The principle of the ratio-delay method is described. It is 
essentially the snap reading method devised by L. H. C. Tippett 
and is based on the theory that the percentage number of observa- 
tions recording an operation in the delay state is a reliable estimate 
of the percentage time that the operation is in the delay state, if 
sufficient observations are taken. The procedure for undertaking 
a ratio-delay study is outlined, some precautions which must be 
taken are indicated and a specimen calculation is given. It is 
pointed out that the personal delays of individual operators or 
groups of operators may be evaluated by this method as well as 
the delays on particular types of machine. 

Experiments are described which were undertaken to determine 
the reliability and validity of the method. In the first, two studies 
were made of delay in common machine shop operations. The shop 
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concerned had 64 machines and 40 operators. Observations in the 
first study were made over a period of 11 days and results were 
obtained on five operations, viz., single turret lathes, single drills, 
gang drills, gang turret lathes and single speed drills. The second 
study was a repeat of the first one month later. Comparison of the 
two studies showed the difference in average departmental delays 
was only 0.6 per cent., and the maximum difference of any one 
operation was only 1.2 per cent. This shows the method to be 
reliable. 

In the second experiment the validity of the method was tested 
by comparing results with those obtained by a simultaneous stop- 
watch time study; on this occasion bench and machine core-making 
operations were studied. The figures for delay and personal 
allowance are given and are regarded as evidence of validity of 
measurement. 

A number of conclusions are given of which the most important 
are that a ratio-delay study costs between one-quarter and one- 
half as much as a time-study and there is less chance of obtaining 
misleading results since the operators are not under continuous, 
close observation and observations may be taken over a period of 
time and so avoid day-to-day variations. 

In applying the method, a number of practical difficulties were 
encountered and these are discussed. Finally, reference is made to 
other possible applications of the method. 


The Anglo-American Council on Productivity has published 
at the price of two shillings a symposium of six papers and an 
introduction on Productivity Measurement in British Industry. The 
six papers are: Assessing Progress by Indexes, based on informa- 
tion supplied by Joseph Lucas, Ltd.; Comparisons Between Fac- 
tories, by H. L. Bingham; An Index in a Steelworks, by A. W. 
Swan; Raising Production per Man-hour, by “Pelagius”; Surveys 
in the Boot and Shoe Industry, by the British Boot, Shoe and Allied 
Trades Research Association; and Cotton Mill and Operative 
Productivity, by H. Moss. 

The report has 38 pages. 


The Coal Tar Research Association believes that much can be 
accomplished by the aid of questionnaires to acquire basic statistical 
data necessary for compiling a comprehensive view of the unit 
operations in the industry. A start has been made by circulating 
a questionnaire about existing practice in the recovery and purifi- 
cation of naplithalcue. At the present time C.T.R.A. regards it 
as impracticable to go further, and to organise operational research 
teams for field observations is not possible with the staff available. 
A recent News Bulletin (Vol. 1, No. 4) published by this Association 
reports progress. 
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CONFERENCE ON SCIENTIFIC METHOD IN 
INDUSTRIAL PRODUCTION 


Organised by the Industrial Applications Section of the Royal 
Statistical Society, this conference was held at Sheffield University 
from September 29th to October 2nd, 1950. Emphasis was laid on 
new applications of method, but the opening meetings had a general 
appeal to management. Some 200 people from industry, allied 
Government departments and Universities attended, and many 
extensions of the discussion were enjoyed after meetings had 
finished. 

Dr. A. Bradford Hill, President of the Society, opening the 
conference, commented particularly on the value of consultation 
between practising industrialists and theoretical statisticians. Mr. 
L. H. C. Tippett then took the chair and Mr. T. W. Boxall (London 
Brick Company), Mr. A. Ellis (Booth & Colclough, Ceramics) and 
Mr. B. Moorhouse (Rowntrees) gave the industrialists’ view by 
describing how, helped by Dr. Dudding, they began using control 
charts on single items. Encouraged by resulting savings due to 
improved quality and knowledge, they were now using more 
advanced methods on other products. 

Mr. Philip Lyle’s lecture, which followed, on “Costing of Con- 
tinuous Processes” dealt with the use of correlation and regression 
techniques in the analysis of the variable portion of costs in a 
manner which left the impression with statisticians that he was a 
statistician and with industrialists that he was a very practical man. 

On the second and third days the field was left to statisticians 
who discussed approaches to a wide variety of practical problems. 
Mr. F. J. Anscombe in “Cost of Inspection” dealt with the evalu- 
tion of the combined cost of sampling, inspecting and final dis- 
position of the product, showing how to compare costs of single, 
double and sequential acceptance and rectification schemes. Prof. 
G. A. Barnard in “Statistics Applied to Assembly Processes” 
showed how knowledge of the process characteristics of the com- 
ponents in an assembly could be used to make each more cheaply 
to coarser tolerances, and yet by grading to assemble the whole 
range satisfactorily without carrying heavy stocks. 

Mr. B. H. P. Rivett in “Sequential Analysis of Machine Per-- 
formance” showed a chart which indicated quickly whether a 
machine was set-up to objective and gave appropriate tables. Mr. 
H. Ingham followed with a note of “Productivity Measurement in 
the U.S.A.” based on his observations as statistician to a produc- 
tivity mission. Dr. W. Youden, of the U.S.A. Bureau of Standards 
in “Improving the Precision of Measurements” discussed difficulties 
met with in providing standards for manufacturers making clinical 
thermometers because of variations between different measuring 
gears and operators. 

Mr. D. J. Desmond’s “Statistical Approach to Time Study” was 
given concurrenily wtih “Multiple Sampling in Theory and Prac- 
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tice” by Dr. H. C. Hamaker and Mr. J. Enters of Holland. Mr. 
Desmond described investigations he was making into rate-fixing 
methods; he felt that sufficient data already existed to assess the 
correctness of the “assessor”, and that analytical methods could 
provide standard methods for different jobs. 


Finally Miss E. A. G. Knowles described in “Graphical 
Analysis of Variations as a Production Department Tool” methods 
evolved by her and Miss C. Roseman for tabulating data in a form 
suitable for easy transference to graphs, so that they exhibited 
components of variance due to assignable causes such as operators 
and material batches; and Mr. E. D. van Rest surveyed work done 
in varied fields which could be classed as problems of flow. 


OPERATIONAL RESEARCH CLUB 


The first meeting of the Operational Research Club for the 
1950-51 session was held on Wednesday, October 25th. After 
transaction of the business of the Annual General Meeting of the 
Club, Mr. P. Schiller of the British Electricity Authority read a 
paper on Operational Research in Electricity Supply. One of the 
biggest problems in electricity supply is the load factor. Mr. Schiller 
showed how the load varies according to the time of day and its 


dependence on other factors, such as temperature. He also dis- 
cussed the particular difficulties encountered in assessing the electric 
current demanded by different types of domestic apparatus, and the 
techniques developed for this purpose. 


On December 13th the second meeting of the session heard 
and discussed a paper by Sir Charles Goodeve on “ The Laws and 
Methods of Physics Applied to Social Problams.” 


The two main types of movement (in social systems, change), 
organised and random, had similar characteristics in the two fields. 
Organised movement arose only from appropriate external forces, 
and the basic laws of economics could be expressed in a manner 
parallel to some of those of physics. Any social system was a 
complexity of factors or components in or approaching equilibrium 
and others which were unstable or self-aggravating. The behaviour 
of these two groups was quite different, as it was in physics. The 
action required to change or control them was also different and 
their recognition was important. The extent to which the parallels 
applied to traffic flow was illustrated by the fact that a knowledge 
of fluid flow was a great advantage to the highway engineer. 
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